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I.—Induction Proofs of the Relations between certain 
Asymptotic Expansions and Corresponding Generalised 
Hypergeometric Series. By Professor T. M. MacRobert, 

D.Sc. 


(MS. received September 14, 1937. Read December 6, 1937.) 

§ I. Introductory ,—The subject of this paper was studied by Orr (Camb. 
PhiL Trans.,, vol. xvii, 1898, pp. I7i“i99; 1899, pp. 383-290), and later 
by Barnes {Proc. Land. Math. Soc.^ ser. 2, vol. v, 1906, pp. 59--116), in 
whose paper a number of references to earlier work on the subject are 
given. Formulae equivalent to (9), (18), and (20) below were given by 
Barnes, who derived them by his well-known method of integrating 
products and quotients of Gamma Functions. In this paper the formulae 
are deduced by induction from simpler formulae which are established 
in section 2. In order to simplify the notation, four functions, denoted 
by P, E, Q, and H, are introduced, the first two in section 3, the last 
two in section 5. The P and Q functions are merely generalised hyper¬ 
geometric functions multiplied by convenient factors. The E function, 
which is equivalent to Barnes’s contour integral, is defined as a multiple 
integral, and from it the asymptotic expansion, with a useful form for the 
remainder, is easily derived. The H function is a multiple of the E function. 

The relations between the P and E functions are established in sections 
4 and S, the asymptotic expansions in section 6, while in section 7 some 
integrals involving hypergeometric and Legendre Functions are evaluated 
in terms of E functions. 

§ 2. Preliminary Formulm .—Consider the integral 

tVin, 1937-38. I»ARX 1 . 
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where x is real and positive, the contour K starts from and ends at * oo 
on the real axis, passing in the positive direction round the point 
and amp amp(^-i) are both equal to -it initially. Deform the 
contour in such a way that | { | > i at all points on it and expand (C " i)"* 
in descending powers of 1 . Then, since 


. 

Again, deform the contour K into segments of the f-axis, with small 
semicircles at 5 =o and a small circle at { —i. Then, if R(jS) > o, 
R(i-a)> o, the integrals round these curves tend to zero with their 
radii, and we get 

1^2i sin a7r| 

Jo 

*f 2/ sin + A)‘”“^A. 


Now, if R(j 9 ) > o, R(i - a) > o, 


/S-a + i; 
Jo 


(2) 

(3) 


(4) 


and therefore, if 

P(a; i8; x) -a)T{a)^ a-jS + i; ^), . 

it follows that 

P(a; j8; Ji:) + P(^; a; :r)«^r(a)x^J + A)“*</A, 

where R(j8) > o and | amp .2: j < Jtt. The restriction R(i - a) > o is 
removed by applying the method of Analytical Continuation. 

The formula 


where R(a) > o, R(i - jS) > o, will also be required. It is derived from 

(3) and (2). 

Again, if C is a contour passing from infinity positively round the 
origin to infinity, the initial and final directions making angles + 
with the real axis, where ^ is a positive acute angle, and if x is real 
and positive and amp (, amp (i + (/x) both have the value ~ir+^ initially, 




27rtX'^ 


r<a-/3+i) 


iF,(a; a-fi + x; -«), 


as can be seen by expanding (i +*/{;)“* in descending powers of { and 
integrating term by term. 
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Now (4) may be written 

P(a; iS; ^)+P(i8; a; .t;) = r(a)|%-^A'»-i(i+^)~‘A • • (4') 

and in this form it is valid for R(^) > o, | amp x \ < n. Let the A*axis 
be turned through a negative acute angle. Then (4') is valid when 
amp -TT, Replace x by where x is real and positive, and (4') 


becomes 


a-j 3 + i; 

jS-a+i; 




where R(i 3 ) > o, is real and positive, and A makes a negative acute 
angle with the real axis. 

Hence 


2i sin - a)7r, 

._iW 

2i sin (a 




= r(a)jo«f~">''"^(i+-^) A • (6) 

where R(jS) > o, ;r is real and positive, and A makes a negative acute 
angle with the real axis, 

‘§ 3* Notation .—Employing the usual notation for the generalised 
hypcrgeomctric function, we write 

P(a,; p-i,a,\q, ..- 

n r(pt - ar) 




xlMx p ( 7 ) 

the * denoting that the term a,. - a,.+ i is omitted. It is assumed that the 
constants are such that the functions exist. 

Again, if ] amp at | < tt, 

E(p, a, : f, p, : x) s r(p, - a.jTip^'-af. . . r(p, -a,) 

p»-3 Jo 

the constants being such that the integrals are convergent. 
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T . . . . * I 

Note, —It IS sometimes convenient to write E( I 

\Pi* P2t * • • > p<r 7 

instead of E(^, • ?» P« • x). If there are no p*B the function may be 

written K(p, : o : ;r) or E(aj, a^, . . : o : :r). 

§ 4. Expression for the E Function in Terms of P Functions, —The 
formula to be proved-is 

p 

E(J>, Ur : j', p, : *) » / - 1, P« : *), • • (9) 

r-«"l 

where/ 2 

Case I: q Zero, —Here 
PCa^; / -I, a, : 0 ; ^)« fiT(a,-a,) 

/—I 

+ (lo) 

and it is required to prove that 


^ a, : o : ;:c) «= E(/, : o : a;) 


sJo Jo 


(it) 


Assume that x is real and positive. Then, if (i i) is valid, 


/ - I, a, : 0 : paTf 

P p r®® ^ 2 

- 2 (®»+i ^r)n‘ I Pf • o : xe-^^) ^ r(ai) U I dX^ 




Next divide by 2f sin (ap^.! - and then interchange and 

ttp^.! and add the two equations. Thus, since 

sin “ ar) 7 Te'^^^t-‘Ofyfr _ « sin - ai)7r, 

we have, from formula (6), with Ap^^ for A, 

jf+i p i*® * 1 

2P(ar; /, a.: o : -FCaj) flj^ 

Now let amp :r increase by tr, at the same time making amp Ap^^ tend 
to zero, and write for x, so that x is then real and positive; thus 

jj+i 

2 ;P(ari /, a,: o : #)» E{p +1, a, ; o : #). 

rm»l 
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It follows that, if (i i) holds for the value p of/, it also holds for the 
value / + But from (4') we see that it holds when p^z. Hence it 
holds for all positive integral values of p greater than unity. 


Case II: q any Positive Integer .— Assume that (9) is valid, and note 
that, if - ttp+i) > o, R(a,. - -f i) > o, r- i, 2, . . ., 

/ - I, a, : Pi : xt)dt 


where 


sin (ap.|-tt,.)7r-p,. . 

i /, a« : 5^ 4-1, Pi : x ), 

sin (p^^ia,0^ 

2, 3, . . 


Then if in E(/, a,. : p., : xf) we put X.p(i f Ai)(i 4-A2) . . . (i f A<,):r/ 

for A^, we have 

2 . ~ /. a« : ? + i, P< : x) 

r-3 sm {p^^i-ar) 7 T 




r(pi-ai)r(/>s-a2) . . . r(p,-a, 

p-i 




- ft 

n' VAi“^*"'(i +A,+A+3 • • • A,)-WA, 

•j + sjo Jo 

^ ^“Ap(i 4 Ai)(i + A»). • . (1 + 

Now replace / by i -/, and employ formula (5), with for a 

and p^+i “ ttp for j8. Thus 

, „ _ sin (op+, - a,)?! r(a,+,)*“»'^“»+>"'’*+' 


sin(p,+i-a,)7T r(/3i-aj)r(ps-a*) . . . r(,p^~a,)r(p„^t-a^) 

X ft rA^'“'‘~\i+AJ“r+“p+.-PM-f>,+.</A^ r<?-'*»A“‘'~VA, 

^^ijo v-yfa Jo 

x|Va-(i + AO(i + A,) . • • • • A,)-V. 

^ ^{Pff+1 Ptf+1 Aj,(i 4* Aj)(i 4" A 2 ) . . . (i + A^)ji?}d?Aj,. 

Next multiply by 

sin (pg.i.i-ap)n ^ i 

sin "" ^»+i) 

interchange and a^, and add, noting that 

sin - a^)Tr sin (p^^j - tt3,)7r “ sin (a^ - ar)iT sin (p^,i - a^^.l)7r 

sin ipQ^ i - a,.)7T sin *- ay)7r. 
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Then, from formula (4), with - a„ for a, for jS, and 

for A, we have 

A a, : jr + i, p, : x) - 

xj^Aj,* (l+A®+ s \+3 • • • ^d) ***'*^*^^j> 

X j“g-A,(i+AiXi+A,) . . . +A,.n)“»"'^+></A,+i- 

Now replace A„ by 7-r r>--;--——, then replace A«+g, 

^ (i+Ai)(i+Aj) . . . (i+A,+,> 

Aj+s. • • •, A, by Aj+3, A,+4, . . ., A^+i, respectively, and a,+*, . . .., 
o-p, Oji+i by a„^t, . . ., a,+„ a,+i respectively, and get 

p + } 

A “« •■ f+i> Pt ■ ^) = E(/> + r, a, : ^ + 1, p, : x). 

f-1 

Thus, if the formula (9) holds for the values^ of / and q of it holds 
also for the values ^4 i of / and j' + i of q. But, by Case I, it holds 
when ^ = 0, / > 2. Hence it holds for all greater integral values of / and 
q such that p >q^ 2 . 

From (9) it is clear that the a*s in E may be interchanged without 
altering the value of the function. The same is true of the p's. 

From (9) and (7) it is also evident that if a p and an a in E are equal, 
these can be omitted from E. 

From the formula 

for the Modified Bessel Function of the Second Kind and (8), we deduce 
that 

K„(*) +n,\-n:o-.2x). . . (12) 

it ‘ 

§ 5. Linear Relations between the P and E Functions .—It is not 
possible to express one P function in terms of E functions. Other linear 
relations between the functions, given by (15) below, may, however, be 
deduced from formula (9). 

In order to simplify the formulee, two new functions, Q and H, arc 
employed; these arc defined as follows:— 


p + I 

X^iar 
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Q(»»: ttr; / -I, a, x) 

__ sin (g^ -ar)ff’sm (a„_)i -ar)g . ■ ■ sin (a„^+i 
~ sin (pi - a,)7r sin (p, - ar)w ... sin (p„ - o,)jr 

X P(a,; p-i,a,:q,pi: x), . (13) 

where m=o, 1,2,. . q and r—i, 2 . p~m\ 


m 

Kim a,-pj + i :q-i, p,-pt + t\ a-p,: *) 

= sin (p( - sin (p, - a, _ |)Tr . . . sin (pt - a„-m^.i)7r 
“ sin (pt -pi)7T sin (pt -pg)n sin(pt-p„)rr 

— l # 

^7i;r7-ar-p, + i : y-i, p,-p, + i; 2-p,:x), (14) 

Sin {pi — l) 7 T 

where the # denotes that the term pe“p< 4 “i is omitted, 2-p< takes the 
place of Pa-P* + 1 * w = I, 2, . . I, 2, 3, . . w. 

The formula to be proved is 


jp—m 

2 QC'” : «r; / - : l7. Pt : •*) 

r«i*l 

^sin (g ^TT) sin (ap_^^T) ... sin (a,,-w+irr) 
sin (pitt) sin (pjir) ... sin (p„ir) 

X E{p, o, : p, : *) 

m n 

+ 2 H(»J :A®r-pf + i :?-i.P.-Pi + i 5 2 -pt:*). • (15) 

r-»i 


where #« = o, i, 2, . . 

Let it be assumed that (i 5) holds for a particular value of m. Replace 

by a,,-p,„^i + i, ^-1,2, ■ . .,A 
' P« by p,~p„,+i + i, .9=-!, 2, 

and 

PfB+i by 2 — pTrt fi, 

and multiply by Then, noting that P(a,.; p-i, Pt * 


becomes 


we have 


sin (a^ff) 
sini>„,+i-a,.)Tr 


P(ar; / -I, a, : p^ : x), 


^ 'lA ^ sin (a,.7r) ^^ * r* 

2-( 7. +1 : a,; 1, a, : p^ : x) 

sin - ar)^ 

4.. . . .^ ; ap_„; p - I, a,: q, p, i x) 

— - 5 —-T-— - + 1 : a, - p„+i +1 : q - 1 , p,-p„^i + 1 ; i -Pm+i i 

sin (Pm+t - 

- y + 1 Or-Pt + I : ?-i. P.-Pi + iJ 2-Pi = *)• (» 6 ) 

sm (P, - Op_m)7r 
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Now (15) may be written 


sin “ ar)7r 


Ur'y p-x, Pt : x) 


+ Q(w : p-h pi ‘ x) 

^ sin (g^Tr) sin (ap- irr) . . . sin (ay^tn+i ?r) 
sin (pi7r) sin (pgTr) ... sin (p^Tr) 


E(/, p, : 


+ 2+ 1 :/,a^-pi + i : + s-p^ : x), (17) 

sin ^p< 

On multiplying (17) by and (16) by 


subtracting, noting that 


sin (pw+i^) 


sin (ptn-f-i^) 


and 


sin (pm+i ~ a,.)7r sin (a^.,„7r) -- sin (p,„^.i - a^_,„)7r sin (a,.7T) 

-sin (p„,+i7t) sin - a,.)7r, 

sin (pi - p,„+i)7r sin (a^^,„7r) + sin (p^^^ - Jtt sin (p^Tr) 

-sin (pm+i^) sin (p( -a^^jTr, 


we obtain formula (15) with m + i iv place of m. But, when m is zero, 
(15) is (9), Hence the formula (15) holds for f«=o, i, 2, . . 

§ 6. Asymptotic Expansions .—The asymptotic expansion of the 
function E(/, a,.; p^: x) can be obtained from formula (8) by expanding 
the last factor in it by the binomial theorem in the form 


where 


and 


(I+*)-“*«. 2 t„+p», 

»«*0 

_ 

(i+Ai)(i+Aj) . . . (i+A,)*’ 

Pk - TfcjVl - /)*-»(! + 2 /)-°.+I-V/. 


By taking k large enough, any restrictions on the values of the a’s and 
the p’s, apart from the restriction that none of them should be zero or a 
negative integer, can now be removed. 

On evaluating the integrals corresponding to the first k terms of this 
series, it is found that 


fir(a,) 

E(/, p*: — the first k terms of the series ^ - 

ftw 




(or; 


p.; 



(18) 
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where Rt is equal to the R.HS, of formula (8), with in place of the 
binomial expression in the last line. If k is taken so large that 
R(a^+i > o, it can be shown that, if jr 4=0, | amp x\< 7 t, 

I R. I < C I T, I, 

where C is positive and is constant with regard to | |. Thus | R* | can 

be made as small as we please by sufficiently increasing \ x \. 

This can be proved by the method employed by the author to obtain the 
asymptotic expansion of the Confluent Hypergcometric Function {Proc. Roy. 
Soc. Edin., vol. xlii, 1922, pp. 89,90). The method is worked out in detail 
for the Modified Bessel Function K„(.?) in the author's Complex Variable^ 
second edition, pages 271-273. As the axes Aa+2»can be swung 
through any positive or negative acute angles the result holds, if for 

-\{p -q 4 1 ) 77 “ < amp x < ^f 0'^- 

. It is not, as a rule, possible to express a generalised hypergeometric 
function in terms of E functions, and so obtain its asymptotic expansion. 
The only exception is when p — qi -2 and R(;r) < o. This can be shown 
as follows:— 

If m^q:^p - 2, (15) becomes 


r'(^2 - 


r(ai 

r(ai * 


+ i)r(ai 


- . . . r(ai-a3 + i) 




/ai, aj-pi + i, ai-p2 + i> 

A .n_i \ 

\ ttj - ag-f I, tti - 03 + 1 , 


• > “ Pp -2 41 )^ 

., + I 


+ the same function with oj and Oj interchanged 


■sin (a„ 7 r) sin (ap^iv) ... sin ^ . 

sin (piw) sin (p^Tr) . . . sin "(p„_*7r) ^ 


2, p. ■ x) 


y* sin (pt - sin (p« - a g_ i)7r ■ 
5^1 sin (pt -p,)7r sin (.pt-pt)rT . . . # 


■ ■ sin (p( - 03 )^ 

. . . sin (pt-p„_*)ff 


xPr 


E(A a,-p4 + i :p- 3 , p,-pt + i; 2 ~pt: x). 


sin (pi - i)Tr 

Now replace pi, pt, . . p*_s by oj-oj + i, ai-oj+i, . . 

+ respectively, and a*, a.. a» by %-pi + i, aj-pg+I, 

. . ., oi -pp_i + 1 , respectively, and write / for / - i : then 

r/, „ \ r(ai)r(an) ... I (c p) p /oj, O 2 , . . ., Oj,: a;\ 

^Tfipf 4p„ p.,. . ..p, ) 

^.rrn - ,>1 nai-pi + iirfaj-pi + i) ■ . ■ r(ap-pi + i) 

T^, - Pi+i)r(p,_a - pi+1)... r(p2 - Pi+1) 

” ‘’Vs-Pi + i. Pa-Pi + b • • -.Pp-Pi + i, 2-pi'' 
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~ sin ( at - pp +1)^ sin ( ai - pp^i -f i)?r « . , sin + 

sin (a^ - aa + i)it sin (ai “ 03 +• t) 7 T , . . sin (a^ “ a, + i)n 

^1-^1 +I, ai-pa + i, . . aj-pp+i : x\ 

\ aj - aj 4* J, tti - + I, . . ,, ctj -ttp + J / 

+ V sin (pj, ~ qjTT sin - g,)?! ... sin (p^ - ag) 7 r 

"sin (ttg -a,)7r sin (ag -a^)7r sin (a^ -ajrr 

X £/ + + ^ Y / . 

sin (a^ - a^,)7r Vg^, “0x4-1, a,-aj-f i, . . . .,g,-gp + i/ 

It follows that, if -^rr < amp x < -iTr, 


(xe^<n)P^-ir(pT)r{i 
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On subtracting this formula with e"^^^ from the same formula with 
we obtain an expression for the function pFp in terms of 2 p E's. On 
expanding the E's asymptotically the asymptotic expansion 
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where | amp x \ < is obtained. 

§ 7. Integrals of Hyper geometric and Legendre Functions. —Certain 
integrals will now be evaluated in terms of E functions; from these 
results expressions for the integrals in terms of generalised hypergeometric 
functions can then be deduced by means of (9). 

For example, if R{x) > o, R(y) > o, 
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contour bounded by the lines f=o, 17 = 0, r}—k> o, indented at 
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Again, on integrating, 
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by - I, + 1, T?=o, 7)^k > o, indented at - i and -f i, and making 
b tend to infinity, we get 
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On eliminating the E function from (24) and (25) we get 

^00 

+1 sin {m - «) 7 rI ^ - j)i'”Q~”'(X)dX 

= .(26) 

where R(2r) > o, R(m) > - i. This formula was given by Macdonald 
{Proc, Lond. Math. Soc., vol. xxxv, 1902, p. 430). 


{Issued separately January 20, 1938.) 
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IL—Quantitative * Evolution. IV. Deductions from the BAT 
Curve. By Professor J. Small, D,Sc,, Department of Botany, 
Queen’s University, Belfast. (With Two Figures.) 

(MS. received September ri, 1937. Read December 6, 1937.) 

The preceding papers of this series have demonstrated (i) that there is 
a progressive increase of average Dp-age in the subdivisions of Com- 
positse which can be correlated with geological age as determined from 
other data (Small and Johnston, 1937); (2) that these Dp-ages, when 
placed on a time-scale of years, follow a peculiar exponential curve, called 
the BAT curve (Small, 1937, Q.E. II); (3) that the measure of age in 
years which is given by the BAT curve can be used successfully for the 
Grasses (Small, 1937, Q.E, III). 

The curvilinear relation of Dp-age to time in years indicates clearly 
that some factor or factors have been omitted from Yule’s formulae 
(Yule, 1924). This curvature is regular, so that Yule’s formulae are 
definitely proved to be correct up to a point, while they are as definitely 
proved to be incomplete, for Compositae and Grasses, rather than com¬ 
pletely wrong. Yule himself (1924) noted facts which suggested **that 
great caution will have to be used in interpreting doubling-periods in 
terms of geological time.” Dp-age is an index rather than a measure 
of actual age. Considering the substantial proportion of genera at zero 
time required to fit the data (Small and Johnston, 1937, pp. 3S“-36), Yule 
writes: ”Such a result would presumably be shown in any case where 
the origin of the group was polyphyletic, but I think it may have another 
significance and one which will render the interpretation of the figures 
a matter of difficulty. . . . Consider the effect on a distribution of the 
advent of a ‘cataclysm,’ e.g. of a glacial epoch, killing off a large number 
of species” (Yule, 1924, p. 59). 

Yule proceeds (op, cit,^ pp. 78-84) to consider “continuous killing- 
out” and also “cataclysmic killing,” so that he was undoubtedly prepared 
for species disappearing during the history of a group. Since there were 
then no data available for the correlation of Dp-ages with geological 
time, Yule was unable to decide which of his two methods, if cither, gave 
a true explanation of what has happened in the past. We now have 
the advantage of the demonstrated correlation of Dp-age and time along 
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the BAT curve and can from this obtain some idea of the past history 
of species and genera. 

If a disintegration curve for uranium be plotted with the time-scale 
vertical, and the actual, not proportional, increase of weight from present 
to past horizontal, such a curve is exactly the same in general form as 
the BAT curve, which has time horizontal and Dp-ages vertical. There 
is no clear analogy indicated as yet, but this curious similarity certainly 
suggests that we may be dealing m Dp-age with a relation which, on the 
whole, has a determinate half life-period like uranium. 

Year Value of the Dp-age Unit. 

Taking the mid-points of the geological periods concerned, as 6, i8, 
32, 49, and 70 m.y., we get corresponding average tribal Dp-ages as 



Fig. I, “Apparent year values of the Dp-age unit. 


2-66, 4*19, 5 *o6 , S‘46, 5-96 (Small, 1937, Q.E. II). Dividing the mid¬ 
point values by the respective Dp-ages we obtain apparent year values 
for the Dp-age unit as 6/2’66 or 2'256 m.y. for Pliocene; i8/4'i9 or 
4*296 m.y. for Miocene; 32/S'06 or 6*324 m.y. for Oligocene; 49/5*46 
or 8*974 m.y. for Eocene; and 70/5*96 or 11*790 m.y. for Late Cretaceous. 
These apparent year values increase with time and are placed near a 
perfectly straight line in fig. i. The increase in value closely approximates 
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a rectilinear relation; the increase calculated per one million years being 
0-170 m.y. Pliocene to Miocene; 0-145 m.y. Miocene to Oligocene; 
0-156 m.y. Oligocene to Eocene; 0-134 ^ Eocene to Late Cretaceous, 
giving a mean increase of o-i52±o*oi8 m.y. per one million years. 

This increase in the apparent year value of the Dp-age can similarly 
be calculated from the BAT curve, giving four points (fig. i) which again 
closely approach the straight line, showing a mean increase above the 
second point of o-i55±o-oi8 m.y. per one million years. It is thus 
demonstrated that this increase, in the apparent length of the Dp-age 
unit, is directly proportional to time (fig. i). Therefore, there seems 
to be no reason to suppose that the average apparent increase in the 
Dp-age unit is affected significantly by any other factor than time, to 
which it is directly proportional within narrow limits. 

The ''K** Factor. 

Since there is no reason to suppose that there has been an actual 
regular decrease in the length of the doubling period (Dp-age unit) with 



Fio. 2,—The relation of K values to time. 


the progress of time, we are led to the conclusion that the apparent decrease 
(past to present) is due to the effect of some factor which acts updn the 
Dp-age, as calculated, in such a way that it decreases the value of the 
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calculated Dp-age directly in proportion to the actual age of the group 
of genera. The effect (K) of this factor increases directly with time, 
along a straight line similar to that in fig. i. The fact that K does increase 
directly with time can be shown graphically (fig. 2) or by calculating the 
degree to which Dp-age is decreased by K. Taking the top end, if the 
Dp-age unit is really about 2 m.y. (Small, 1937, Q.E. II), then at 70 m.y. 
we should get a Dp-age of 35 instead of the 5*96 or 6*0 which is observed; 
therefore 35/6 or 5*83 is the measure of K at 70 m.y. The free Dp-ages 
are 6/2 or 3, 18/2 or 9, 32/2 or 16, 49/2 or 24*5, and 70/2 or 35. These 
divided by the observed Dp-ages are 3/2*66 or j*Z 2 ( 9 ; 9/4*19 or 2-148; 
i6/s*o6 or 3-162; 24-$/$-46 or 4-487 m. and 35/5*96 or 5-872, The 
values in italics are the numerical values of K which increase along a 
straight line (fig. 2), with a mean increase of *0755 ±*0095 per i m.y. 
The K values calculated from the BAT curve are very similar (fig. 2) 
and show a mean increase of *0780±*0085 per i m.y. 

The rectilinear relation of K and time being established, we must 
consider the logical consequences. 

The Normal Death of Species and Genera. 

The only source of the depressing factor which gives the K values 
is the disappearance of species (and genera) with time. If species of 
Compositae did double in number every two million years and all had 
survived up to the present time, there should be 2^® or over 34,363 
millions of species instead of only about 10,000. Clearly species have 
disappeared on a large scale; the calculations are here in agreement 
with the fossil record. There is here no serious suggestion that there 
ever have been as many species in existence, even taking the whole of the 
geological history of Compositae, but the number given shows con¬ 
clusively that the total species-number has not doubled every 2 m.y. 
Breaks in the increase have occurred just as they do in the letter circles 
which are from time to time started in the hope of building a hospital 
with old stamps. 

This disappearance of species (and genera) is a well-known phenomenon 
in the geological record, but up to the present species have been considered 
as having disappeared under the action of cataclysms or other external 
destructive factors. The factor giving K values yields measurable effects, 
and, when measured, these effects as K values are shown to be directly 
proportional to time. The hypothetical cataclysms must, therefore, have 
been distributed in time with a regularity greater than any geological 
cataclysmic hypothesis should be called upon to endure. The very nature 

of the geological cataclysm includes an irregularity of occurrence which 

i*.a.s.a.^voL, tvm, 1937*38, part i, 2 
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is clearly not in accordance with the regular action of the K factor, as 
here demonstrated for Compositae and as applying also to the Grasses 
(Small, 1937, Q.E, III). Thus we are compelled to consider factors 
which might act with regularity throughout time. 

Since the dying-out, as measured by the K values, is directly pro¬ 
portional to time, it *wouId appear that time itself could operate upon 
the life of species. Time as a regular factor can operate only through 
age of species and genera, and if species die out because of age the 
ultimate cause of death can only be old age or senescent sterility. So 
long as individuals of the species continue to produce viable seeds the 
species will survive, so that a natural or normal death of the species can 
occur only through increasing sterility of all individuals. This sterility 
would be one result of senescence in the species as a whole. Another 
result might be a restriction of the range of conditions within which 
the species can survive, leading to special local habitats where the species 
would be more liable to extinction by a local cataclysm. 

The normal death of species of Angiosperms is in accordance with all 
known facts, and accounts, in part at least, for the rectilinear increase of 
K with time, as well as for many facts of species-number in various groups 
of plants other than Compositae. It has already been shown to be in 
accordance with species-number in the Grasses (Small, 1937, Q.E, III, 
fig. i); but the data for Birds indicate an average of 50 per cent, for 
elimination by competition. 

Local cataclysms might kill all the individuals of local species, but 
could not affect the existence of the larger numbers of more widespread 
species; while the general cataclysms required to fit the data are too 
numerous for the geological record. Yule uses up to 100 cataclysms 
in 100 million years, and obtains a value of 2*i m.y. for the doubling 
period, using 50 cataclysms, each killing-out one-third of the existing 
species of flowering plants. This might have been regarded as possible 
before the time of Lyell, although even then a sequence of cataclysms 
at regular intervals of two million years would have been suspect; with 
the known geological record for the Cenozoic both the number and the 
regularity, as well as the extent, of these hypothetical cataclysms become 
impossible. 

There seems to be no other possible and reasonable explanation of 
the rectilinear increase of K with time, so that the normal death of species 
from the senescent sterility of old age may be taken temporarily as a 
suitable explanation of the curvature of the BAT curve. 

It is very natural, even on general grounds, to compare the species, 
as a particular organisation of living matter, with the individual as a 
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special sample of this particular organisation of living matter. In the 
human race senescence may be considered to begin after 70 and continue 
until some organic or other disease brings about death; but if the indi¬ 
vidual escapes all infection, accidents, and organic disease, his death 
at an age approaching or over 100 years is taken as completely natural 
and not due to external factors except in a very subsidiary sense. The 
preservation of the individual at that age requires rather special con¬ 
ditions. Death of the human individual is ultimately due to senescence 
restricting the range of conditions under which the individual can continue 
to survive; but very many individuals succumb to the effects of external 
causes, and the average life of individuals is much lower than the possible 
maximum. With species of flowering plants further details indicate 
that the average life-time is very close to the maximum. External cir¬ 
cumstances, such as geological cataclysms and biological diseases, can 
kill off individuals; but when once a plant species is established over a 
reasonably wide area, the cataclysm or disease must he very large or 
widespread before all the individuals of the species will be killed out. 
The force of this argument may be reduced by a few known cases, 
especially among animals, but it becomes overwhelming for plants when 
one considers that throughout geological time species have been dis¬ 
appearing with great regularity and in all parts of the world. There 
is some evidence that species of Compositse may have survived longer, 
or doubled in number more quickly, in South Africa than elsewhere 
(Small and Johnston, 1937), but apart from this area, and possibly 
the Brazilian highlands, there is no sign of any break in the general 
rule. 

Other evidence for normal death as the cause of the disappearance 
of at least 99 per cent, of species of Angiosperms is obtained when we 
consider the residual increase in number of species when the K factor 
is acting, but this is too complex a problem to form part of the present 
contribution. 

Returning to the quantitative method, we may now consider the 
possible consequences of normal death of species in flowering plants. 
If we follow the doubling of species-number and consider the number 
of new species actually arising in each doubling period, we get, for 
Basic Doubling, 

Totals. . . I 2 4 8 16 32 64 128 256 512 1024 2048 4096 8J92 

Origins . ,1124 8 16 32 64 128 256 512 1024 2048 4096 

Now if we take the changes which may be introduced by species 
dying a normal death after a certain number of doubling periods, we get 
deaths and totals thus;— 
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is clearly not in accordance with the regular action of the K factor, as 
here demonstrated for Compositae and as applying also to the Grasses 
(Small, 1937, Q.E. III). Thus we are compelled to consider factors 
which might act with regularity throughout time. 

Since the dying-out, as measured by the K values, is directly pro¬ 
portional to time, it would appear that time itself could operate upon 
the life of species. Time as a regular factor can operate only through 
age of species and genera, and if species die out because of age the 
ultimate cause of death can only be old age or senescent sterility. So 
long as individuals of the species continue to produce viable seeds the 
species will survive, so that a natural or normal death of the species can 
occur only through increasing sterility of all individuals. This sterility 
would be one result of senescence in the species as a whole. Another 
result might be a restriction of the range of conditions within which 
the species can survive, leading to special local habitats where the species 
would be more liable to extinction by a local cataclysm. 

The normal death of species of Angiosperms is in accordance with all 
known facts, and accounts, in part at least, for the rectilinear increase of 
K with time, as well as for many facts of species-number in various groups 
of plants other than Composites. It has already been shown to be in 
accordance with species-number in the Grasses (Small, 1937, Q.E. Ill, 
fig. i): but the data for Birds indicate an average of 50 per cent, for 
elimination by competition. 

Local cataclysms might kill all the individuals of local species, but 
could not affect the existence of the larger numbers of more widespread 
species; while the general cataclysms required to fit the data are too 
numerous for the geological record. Yule uses up to 100 cataclysms 
in 100 million years, and obtains a value of 2*1 m.y. for the doubling 
period, using 50 cataclysms, each killing-out one-third of the existing 
species of flowering plants. This might have been regarded as possible 
before the time of Lyell, although even then a sequence of cataclysms 
at regular intervals of two million years would have been suspect; with 
the known geological record for the Cenozoic both the number and the 
regularity, as well as the extent, of these hypothetical cataclysms become 
impossible. 

There seems to be no other possible and reasonable explanation of' 
the rectilinear increase of K with time, so that the normal death of species 
fvoxn the senescent sterility of old age may be taken temporarily as a 
suitable explanation of the curvature of the BAT curve. 

It is very natural, even on general grounds, to compare the species, 
as a particular organisation of living matter, with the individual as a 
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special sample of this particular organisation of living matter. In the 
human race senescence may be considered to begin after 70 and continue 
until some organic or other disease brings about death; but if the indi¬ 
vidual escapes all infection, accidents, and organic disease, his death 
at an age approaching or over 100 years is taken as completely natural 
and not due to external factors except in a very subsidiary sense. The 
preservation of the individual at that age requires rather special con¬ 
ditions. Death of the human individual is ultimately due to senescence 
restricting the range of conditions under which the individual can continue 
to survive; but very many individuals succumb to the effects of external 
causes, and the average life of individuals is much lower than the possible 
maximum. With species of flowering plants further details indicate 
that the average life-time is very close to the maximum. External cir¬ 
cumstances, such as geological cataclysms and biological diseases, can 
kill off individuals; but when once a plant species is established over a 
reasonably wide area, the cataclysm or disease must be very large or 
widespread before all the individuals of the species will be killed out. 
The force of this argument may be reduced by a few known cases, 
especially among animals, but it becomes overwhelming for plants when 
one considers that throughout geological time species have been dis¬ 
appearing with great regularity and in all parts of the world. There 
is some evidence that species of Compositae may have survived longer, 
or doubled in number more quickly, in South Africa than elsewhere 
(Small and Johnston, 1937), but apart from this area, and possibly 
the Brazilian highlands, there is no sign of any break in the general 
rule. 

Other evidence for normal death as the cause of the disappearance 
of at least 99 per cent, of species of Angiosperms is obtained when we 
consider the residual increase in number of species when the K factor 
is acting, but this is too complex a problem to form part of the present 
contribution. 

Returning to the quantitative method, we may now consider the 
possible consequences of normal death of species in flowering plants. 
If we follow the doubling of species-number and consider the number 
of new species actually arising in each doubling period, we get, for 
Basic Doubling, 

Totals. . . I 2 4 8 i6 32 64 128 256 512 1024 2048 4096 8192 

Ori^ns . . I I 2 4 8 16 3a 64 128 256 512 1024 2048 4096 

Now if we take the changes which may be introduced by species 
dying a normal death after a certain number of doubling periods, we get 
deaths and totals thus:— 



20 /. Sma//f Quantitative Evolution. 

Deaths after 6 

doubling periods . i i 2 4 8 16 32 


give totals . . i 2 4 8 16 32 64 127 253 504 1004 2000 3984 7936 

while deaths after 
only 2 doubling 


periods . .I I 2 3 ” 6 ii 21 39 73 136 254 

give totals . . i 2 4 7 13 24 45 84 157 293 547 1021 19^ 3558 


It becomes obvious that the normal death of species, even after a 
relatively short life, might alter the apparent age, as measured by doubling 
periods, only by one or two units of Dp-age, and that this effect alone 
would not bend the “Dp-age to time‘* relation to anything like the BAT 
curve. We must be prepared to go farther and consider the senescence 
in genera along the lines laid down by Bentham (1873, P* 4^^'» Small, 
PP- 189-190). Bentham says: “The result of the best-founded 
opinions on this subject which to my knowledge have been propounded 
is that a race of plants, be it tribe or genus or species, in its period of full 
vigour, is . . . numerous and varied in subordinate races. . . . On the 
other hand, a race in a state of decay is represented by subordinate 
races ... of restricted areas, and requiring for their preservation 
special climatological or other physical conditions, and consequently 
comparatively few in number.” Since Bentham’s time the rise and 
decay of genera has been traced so often in the geological history 
of animals that it has become one of the outstanding problems of 
evolution. 

Given that species die a normal death after a limited life-time, we can 
now suggest that, just as the production of new individuals within species 
gradually ceases, so within genera the production of new species gradually 
ceases. By taking the species origins as following a series of i 1248 
16 130, instead of i I 2 4 8 16 32 64, etc., and tabulating the results with 
about seven genera over a period of 36 m.y., with a doubling period of 
2 m.y. and a normal life-time of 12 m.y., a preliminary stage has been 
reached where there is a level extinction of 16*6 per cent, in each doubling 
period. The residual doubling in species-number for each 12 m.y, 
has also been worked out, and the rise and decay of genera may be 
considered as following a course of this kind, which, combined with 
species deaths, would completely account for the linear relation of K 
values to time. This is all completely worked out in a later con¬ 
tribution. 

This decrease of species-production by genera, after five doubling 
periods, would serve as some explanation of the observed excess of cal¬ 
culated over observed frequencies in genera of more than forty species, 
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which was found in Compositae (Small and Johnston, 1937, Table III), 
but the problem of the three large genera still remains. The normal or 
typical history of a genus is part of a later contribution. 

The bearing of the above conclusions upon Yule*s ‘‘Mathematical 
Theory of Evolution’^ (1924) should be made quite clear. In corre¬ 
spondence Yule takes quite a strong view of the matter thus: “If you 
are right, as of course you may be, in your assumption of a definite law 
of mortality for species, I am quite definitely wrong in my theory of the 
frequency distributions, and the theory requires reconstruction, your 
assumed law of mortality being of a simple kind that would permit of 
this“ (Letter, February i, 1936). 

Since Yule considered the effects of continuous dying-out and of 
cataclysmic killing—going as far as 100 cataclysms in 100 million years, 
each cataclysm killing out one-third of existing species of flowering plants 
(of, cit,; p. 81)—and occupied about 13, or 20 per cent., of his 67 
pages with this subject, he clearly did not at that time take the view 
that species-death would invalidate his main formulae, which are expounded 
within the limits of the same memoir. The formulae in question are, 
however, based upon frequency distributions occurring in living genera 
and species, as demonstrated by Willis (1922). The great majority of 
these genera and species are not supposed to be senescent, and the com¬ 
paratively small proportion which are senescent do not markedly affect 
the lower categories of generic sizes with their large numbers, but begin 
to show in the smaller numbers of older, larger genera, as is demonstrated 
for Compositae (Small and Johnston, 1937). That a large proportion 
of ordinary genera ultimately end abruptly in what amounts to a minor 
biological cataclysm is indicated above in the species-production series, 
and the details of this phenomenon form part of a general consideration 
of the significance of the reciprocals of the K values. 

If the present conclusions be correct, Yule^s theory, although it is 
fundamentally sound, requires modification by the introduction of 
appropriate factors for the limit-ages of species and of genera. The 
factor, say x doubling periods, for species limit-age would be simple, 
but the factor, say y doubling periods, for the decay of species-pro¬ 
duction by genera would have to be more complex. Although x will 
appear presently to be about 6, and y also 6 with a partially delayed 
action over another 6, for Angiosperms in general, and probably for the 
Gymnosperms with a different m.y. value, this does not necessarily apply 
to other groups. Therefore the factors for normal death may well vary 
from group to group of plants and animals, and in this case the mathe¬ 
matician, before presenting a reconstruction of Yule*s theory, requires 
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an analysis of the facts, along lines similar to those found for Compositae 
and the Grasses, for each group considered. 

F'urther, before the mathematician can reasonably make the assumption 
of normal death for species, he requires some basis for this, and also a 
quantitative basis for the values of x and y. The mere idea, as well as 
the quantitative basis, is being presented in this series of papers for the 
first time as more than just a somewhat improbable possibility. The 
general idea of normal death of species, combined with normal decay 
in species-production for genera, occurs occasionally in the literature, 
on account of the fact that, practically without exception, all species and 
most genera appear to die out in the fossil record, which is full of un¬ 
explained examples of the rise and decay of genera or lineages (Lang, 
1919, and Crampton, 1901). The idea of normal death of species has 
always been only a vague possibility, which has been rejected because 
of the lack of precise evidence; but the nature of the required evidence 
appears to have been generally neglected. Recent publications give 
some attention to the general phenomena of sterility. McLean Thompson 
(1929, p. 41) notes that 28 out of 400 genera in the Leguminosas show 
reduction to one seed per legume, while in another loi genera there may 
he only one, two, or a few ovules per legume. M. de Wildeman (1936) 
concludes his extensive memoir with the statement, “ Nous avons essay^ de 
montrer qu*il existe chez les esp^jces v^g^tales une tendance vers la 
st6rilit^.^* 

If the normal life-time of a species in Angiosperms is about 12 m.y., 
as will appear presently, the senescence of a species could easily spread 
over half a million years or more. In such a case the only critical evidence 
available would be the facts of advancing sterility and of advancing 
specialisation of habitat in a relatively small proportion of species. Both 
these sets of facts are well known as reasonably common phenomena, 
but they do not appear to have been studied from the point of view of 
actual senescence in species and genera. 

Conclusion and Summary. 

Placing Compositae Dp-ages in relation to a time-scale, it is found 
that the apparent length of the doubling period in years (Dp-age unit) 
increases directly with time. 

Corresponding values from the BAT curve show a closely similar 
rectilinear relation to time. 

This increase in length is taken as due to the effect (K) of a factor 
depressing the apparent Dp-age to a degree which is directly proportional 
to time or to the age in years of the group of genera considered. 
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From the rectilinear increase with time shown by the K values, it 
is concluded that species have a limited life-time and die a normal death, 
and, further, that most genera have a natural life-period and show a 
normal decay in species-production which, combined with normal death 
of species, leads to a normal extinction of most genera. 
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III.— Quantitative Evolution. V. The Free and Apparent 
Dp-ages of Compositse. By Professor J. Small, D.Sc., 
Department of Botany, Queen’s University, Belfast. (With Two 
Figures.) 

(MS. received September ii, 1937. Read December 6, 1937.) 

The average ages in doubling periods (Dp-ages) of the tribes and sub¬ 
tribes of Compositse have been collated with geological time (Small, 1937, 
Q.E. II), but the Dp-ages of individual tribes and sub-tribes show con¬ 
siderable variation within each of the geological periods. When plotted 
as Dp-ages against a time-scale the tribes and the sub-tribes show rather 
scattered positions, and the sub-tribes within each tribe follow rather 
zigzag lines instead of being points on a straight line for each tribe. 

It has, however, been shown (Small, 1938, Q.E. IV) that for each 
geological period there is an average depression of Dp-age by a factor (K), 
the value of which for each period has been determined. The values of 
the depressant K for the mid-points of the various periods, with the Arcto- 
tidese and Helenieae taken as of Lower Pliocene origin, are as follows: 
Pliocene K —1*13 around a 6 m.y. mid-point; Miocene K — 2-I5 around 
18 m.y.; Oligocene K = 3*l6 around 32 m.y.; Eocene K—4*49 around 
49 m.y.; Paleocene and Late Cretaceous as “Earlier'* K = 5-87 around 
70 m.y. 

The apparent Dp-ages plotted against time yield a peculiar curve, 
the BAT curve (Small, 1937, Q.E. II), and in order to obtain ages which 
should be more or less on a straight line of progress it is necessary to 
multiply each apparent Dp-age, as calculated originally, by the K value 
for the period of origin for each tribe and sub-tribe. In this way we obtain 
Dp-ages in terms of the free doubling period of 2 m.y., instead of in terms 
of the apparent doubling periods, the units of which get progressively 
longer as we pass backwards in time of origin. The original Dp-ages 
may now be termed “apparent Dp-ages,“ and the new values obtained 
by the use of the K correction may be termed “free Dp-ages“ and con¬ 
sidered as being nearer a linear measure of the ages of the groups con¬ 
cerned. When these calculations are carried out as in Table I, a number 
of sub-tribes within some of the tribes can be grouped because they have 
their origin with the same sub-period. A careful study of the free Dp- 
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ages as pven in Table I shows the original seriation of Dp-ages in a 
slightly improved condition. The exceptions to seriation have been 
described in a previous contribution (Small and Johnston, 1937). 

Table I. 


FREE DP-AGES iH COMPOSITAE 


jtfSTRIseS 

*K 

Tmtc Avtf{ 

TlMC 

SuBTA/Bej jT^pfs 

pK 


AwralTiHcl 

SenfciofitH, 

rvAiiMff. H‘66 
JC'Cd 

f^7 
X to¬ 
rn 

f’*$ 

49*37 

»'36 

S’79 

9 94 

C. 

L.M, 

U-H. 

n.P. 

6*60 

BUPMrHAL. 9-ot 
(cyHAmtdA 4*93 
ATHAtK«ir«« 5‘OP 

S'f 

8 %S 

« 

80*06 

6 X 4 

1000 

6*64 


no* 

U* 0 . 

L,H, 


OB7 

tS06 


AeLMANHn« X’Ot 

/•/J 

8*87 


rt.P. 

Ptucnem^r 

fiummtri/t 

TARCHOtiAM. 4-17 

X'iS 

hf3 

111 

JP'45 L.P. 

CttiTAUt^. S’ty 
CARDUlHAt S*3l 
C4ffLIN/t1>ie J-50 

4/5 

/•/4 

.i A 

HItUCHAVS. 209 

%*tT 

664 

rt.M. 

CCNIMOPAIO. - 




^ * 


t'l3 


fM.K 






AMAiAMTH. t'TT 

• 

M.P. 

ASERATmm 4 '«r 

M*fS 

/ 04 s 


Pti*t 

VEABESm. A' 30 
COfle 0 i»iio- A’tJt 




AOXnOSTYL. 3>SO 

tt 

7*38 



4-49 

n 


PlOuERtmM $ X 9 

1*13 

3*64 


L.P. 

6 Aunso<i, 3’9tS 

9 IS 

6*4t\ 

Uf4 

VtPnonutiiB 3*6t 

X*tS 

7*79 


c/.n. 

MAOnntt 3 69 

a 

r-93 } 7*XO 

I • 

LycHftom4oit 9 0 7 

fis 

384 


L,A 

HCiAMptfO. X'S6 

a 

B-lSl 




AMBROSiWJE I B St 

M 

6‘06\ 


390 

l’/3 

308 


i..P. 

MlLLtAtiMAt jt>33 

«« 

S’Of }X6S 

■ 





ZiHMun/t MS7 


4'8ef 

, N 

/mcror$om, sl*4S 

hl3 

8*77 


L.P. 

LASASCew^ - 


«- 

U.M. 

GORTttmmM, X*XS 

m 

8*S4 



PeTAOBliM^ 


- 

L,P. 

BUftOtLmM <t*o 



ap 

HOMOCtmoM. X'56 

4*49 

940 $ 

M,C. 

^ALint$ULi f -45 

H3 

8*73 


t*P. 

HtrenocmofA. s fo 


9334 

u.e. 


_ _ 

C6ny2trt/t: a -00 

$'t6 

IA8X 

u.o. 





MM 

04CCNAAID. $ 70 

t*ts 

IslWi 

3‘SS 

nM. 






BZiLiomm 3tas 
GP^AnaBiHM /'BS 



TmBCS Tapp, 

xK 

THrcbI 

AVtR.| 



U.fl. 

senecfOM, Txa 

SS7 

4863 

U-tt 

c* 



CHRySAMTH, 6 9r 

449 


u.e. 

aHAPHAL, 4*63 

m 

87*30 

Pal, 

ArtTMffMiP. 9t% 


U.C. 

HeUAnTH. 3*88 

4*49 

17*33 


/L-e. 

CRrPfOfMTj^ 0.04 




AsrencAC s*06 




4 49 

97/2 

u,e. 

AfiTHEniO, 7*04 

«• 

lui: 

LtOfiTOO. 4 , r$7 

3 fo 

/B’SS 

no. 

CiCHOAteAB S 90 

H 

86*49 


lu-e. 

3'0$ 

4/5 

6’Si 


MUrtStKAC S '14 

3*16 

^8*4! 

f8*60 

ft.Q. 

osrtpftoscp. A 19 


— 

U.M.? 

1 MULE At 3*99 

•4 

lu-o. 





CYHAAtAt 4*93 

X’fs 

to *60 


rt.H. 

N^iSAUV. S70 

3*t6 

18*01 

LO. 

euSPATOAieA! J’BS 


8*30 908 \ 

I ' 

OfioSEnm* 7 6S 

• 


M.O. 

vef^iiOfiitAE $*S9r 

1 * 

7*73 

1 

1 ” 

M*n. 

OenttAwA! 6*02 

« 

ft.O. 

HELtliieAt 3*80 

i*/3 

3*68 


ft.p. 

BOERMATitnt 3>S2 


/7 44 

U.O 

AncroTioc^ X3SS 

« 

8*66 

5 0# - 

tM 

aAAHAOffJ. 

• 



CALEMOUL, 8*43 

' 

8*7S 

1 


The free Dp-ages of the sub-tribes can now be plotted against time as 
in fig. I, using mid-points for subdivisions of periods, as 6 and 9 for Middle 
and Lower Pliocene; 13, 17-5, and 22-5 for Upper, Middle, and Lower 
Miocene; 26, 32, and 35 for Upper, Middle, and Lower Oligocene; 42, 
47 -S. and 55 for Upper, Middle, and Lower Eocene; 65 for Paleocene, and 
70 for very Late Cretaceous. Then it becomes obvious that in most tribes 
the sub-tribes are arranged in a rectilinear fashion, more or less along 
straight lines which tend to a central grouping. In other words, the free 
Dp-ages vary directly with time, as would be expected. There are two 
tribes, the Heleniese and Anthemideae, where all the sub-tribes have origin 
in the same sub-period, and the Calenduleae with no sub-tribes; these are 
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given as points. Other sub-tribes within tribes which arise in the same 
sub-period are averaged, to reduce the number of points in the graphs. 



There are also two exceptions to the general rectilinear arrangement. 
The Buphthalminae introduces a large angle in the line of the Inuleae (ltd ), 
but if the derivative Cynareae is taken as being in this line instead of the 
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much smaller group, then the tribal age (marked CYN, fig, i) lies upon 
the Inuleae line as dotted in the figure. The other exception is the Mutisieae, 
where the apparently primitive Nassauviinae has a free Dp-age value 
which is low for its position in relation to other sub-tribes in the Mutisieae. 
The Gnaphalieas line and the Heliantheae line still remain divergent, 
below the central grouping of all the other tribes. 

When the free Dp-ages of the tribes are plotted against time in the 
same way (fig, 2), it becomes quite obvious that most of the tribes are 
grouped around a diagonal which stretches from the Calenduleae to the 
Senecioneas. The relative positions and free Dp-ages fit very closely, 
with certain exceptions. The Heliantheae, Gnaphalieae, and Astereae 
show obvious divergences, but we have now reached a stage where we can 
measure the divergences as simple proportions of the calculated values. 

If we take the statement, that ‘'the tribes of Compositae have arisen 
as a series in time with the Senecione® first or oldest and the Calenduleae 
last or youngest,'^ as the hypothesis to be tested, the other tribes should be 
arranged in a rectilinear sequence between these two points. We can 
calculate for each tribe the approximate free Dp-age which corresponds 
to its position in time with relation to the straight line of time sequence in 
origins. This is done by means of verticals which cut the line at the 
theoretical points. The original of fig. 2 being on a centimetre scale, the 
free Dp-age can be obtained to the first decimal place. The observed free 
Dp-ages are given in Table I. From these and the theoretical free Dp- 
ages determined as above, we can obtain the simple proportion of diverg¬ 
ence as x\m^ where x is the divergence and m is the theoretical value for 
the free Dp-age of each tribe. 
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While the simple proportional divergence, x\m, for the Astereae and 
Anthemideae may be considered relatively small, the divergences for 



Heliantheae and Gnaphalieas would appear to be really significant. 
Reference to the last column in Table II will show that the Heliantheae 
have a simple proportional divergence of about one-half, while the diverg¬ 
ence for Gnaphalieae is about one-third. The last column in Table II 
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helps to emphasise the fact that, apart from the last two tribes mentioned, 
the observed points lie very nearly in a straight line time sequence between 
Senecioneae and Calenduleae. 

Thus we reach a stage where, by means of Yule’s formula for the 
determination of apparent” Dp-ages (Small and Johnston, 1937) and 
the modifications introduced in consequence of the discovery of the BAT 
curve (Small, 1937-8, Q.E. II-IV), the evolutionary history of a group, as 
deduced from morphological and other data, can be tested quantitatively 
from quite a different angle and using quite different data. Further, we 
find, as a result of the quantitative testing, a confirmation of the general 
history of Composite as previously elaborated—with two probable excep¬ 
tions in the cases of the Heliantheae as a whole—and of the arrangement of 
sub-tribes within the Mutisieae, together with a possible exception in the 
Gnaphalieae, 

The Position of the Helianthe^. 

It is suggested in fig. 2 that the Upper Eocene rather than the Lower 
Eocene would be a more appropriate time of origin for this tribe, and a 
case could be argued for placing the Heliantheae between the Astereae 
and Cichorieae in the evolutionary sequence of tribes. 

The Heliantheae has been regarded as ”no doubt the most primitive 
tribe of the family” (Hutchinson, 1916), following Bentham’s tentative 
suggestions (Bentham, r873) given as ‘'We are led to conjecture that the 
primitive form of Composite,” etc. {op. cit., p. 483), and “We are led to 
imagine that Compositae existed showing several important modifications” 
(op. cit.^ p. 483). These conjectures and imaginings are given by Rendle 
(1925, p‘ 611) as “a more philosophical explanation” than the present 
author’s views, Rendle {loc. cit.) also states that “the genus Senecio 
represents a stage of specialisation well advanced.” 

The main apparently primitive features of the Heliantheae are the 
elongation of the receptacle and the foliaceous receptacular scales which 
occur in some genera. These are characters of the inflorescence rather 
than the flower, and much easier to observe than the details of actual 
floral structure. The florets are definitely of quite an advanced type in 
their styles and aristate pappus as fused sete. The main point at issue 
is the derivation of the capitulum from a spike giving the Helianthoid 
inflorescence, or from an umbel giving the Senecionoid inflorescence 
as primitive. The discoid or rayed structure is of very minor importance, 
since Trow (1916) indicates clearly that radiateness of the capitulum is, at 
least in Senecio vulgaris, a simple Mendelian dominant and not a character 
which is likely to develop gradually. 
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So far as the writer is aware, no one who has studied inflorescences as 
such has supported the view that the capitulum arises from a condensed 
spike. The origin of the capitulum from an umbel has been argued at 
length (Small, 1919), and these arguments have never been met* They 
have been accepted by Yapp (1923), and confirmed from umbellate 
proliferated heads of Crepis and Hypochmris (Collins, 1921). Lindley 
(1839) had already suggested this mode of origin for the capitulum. 
Parkin (1914) makes only a passing reference to the subject, but he gives 
a diagram {op. cit.^ pi. 18) in which the spike is regarded as a side line 
and the head as derived from the simple raceme through the corymb and 
the umbel. Masters (1869) records umbellate proliferations in Senecio^ 
Hypochceris^ etc. 

Senecio is simple throughout its floral structure, and if the umbel origin 
of the capitulum is accepted, the involucre and receptacle of this genus^are 
seen to be simple because they are primitive, and not on account of a quite 
hypothetical reduction from a Helianthoid type. The general views 
expounded in The Origin and Development of Compositm were specially 
considered at a meeting by J. M. Greenman, the monographer of American 
Senecios, and his colleagues; and the writer^s viewpoint concerning 
the Compositae was very well received** (Letter, March 18, 1920). 

With the umbel origin of the capitulum and the primitive position of 
the Senecioneae both supported by actual workers on the family, the 
derivative advanced position of the Heliantheae indicates a later origin 
within the time scheme of the family. Nevertheless, there are possibilities 
of extensive generic senescence giving the low value for Dp-age in this 
tribe, and possibly also in the Gnaphalieae and Astereae. Therefore it is 
considered better to leave the original scheme as it is in the meantime, 
because it may ultimately be more informative to have significant diverg¬ 
ences than to have a phylogenetic scheme which is re-arranged in any 
decided degree to fit the facts of Dp-age values as now calculated. 

Conclusions and Summary. 

The depressant effect of dying-out upon the ‘^apparent** Dp-ages of 
groups is used quantitatively, as the average K values for periods, in 
calculation of the ‘*free’* Dp-ages (or ages in doubling periods of uniform 
2 m.y. length) for each tribe and sub-tribe in Compositae. 

These free Dp-ages are tabulated (Table I) and presented as graphs 
against a time-scale, showing all the sub-tribes within tribes as approxi¬ 
mately rectilinear sequences in time (fig. i). 

The free Dp-ages of tribes are similarly presented as points around a 
straight line from Calenduleae to Senecionese in a time sequence (fig, 2). 
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The proportional divergences, from a rectilinear graduation or sequence 
in time, are calculated and shown to be relatively insignificant, except in 
the cases of the Heliantheae and Gnaphalieae. 

The position of the Heliantheae is reviewed, mainly from the viewpoint 
of the origin of the capitulum from the umbel and the relatively advanced 
floret structure in the tribe, but it is considered that one or two significant 
divergences may finally be more informative as ** exceptions proving the 
rule,’* and the original phylogenetic arrangement is left unmodified. 
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IV.— Quantitative Evolution. VI. Further Deductions from 
the BAT Curve. By f*rofessor J. Small, D.Sc., Department 
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Previous communications have established the formula for the BAT 
curve as 4 * 2”, where i is a constant Dp-age, is a 

constant difference of Dp-age, 4 is the time value in m.y. at the Dp-age k. 
For Compositae (Small, 1937, Q.E. II) and apparently also for the Grasses 
(Small, 1937, Q.E. Ill) ^=0*6, 4=^*09375 m.y. 


I. Further Points on the BAT Curve. 

From the above formula— 
with T the time in m.y. known, Dp-age =/fe+ 

where « = Iog ” . r ——; 

® 4 log 2 

with Dp-age, or age in doubling periods known, 

,.here« = 5P:-^^- 

Any point on the BAT curve can, therefore, be calculated, either for 
time as geological time on the scale adopted (Small, 1937, Q.E. II), or for 
any apparent Dp-age which may be observed in any group to which the 
above values of the constants apply. These calculations have been made 
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for a number of points within the last 12 m.y., a period which has a special 
interest. They will be found in Table I, and can be used for further 
deductions from the BAT curve. 


Table I. 
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II. The year Value of the Dp-age Unit. 

This value has been taken as approximately 2 m.y. in previous con¬ 
tributions (Small, 1937-8, Q.E. II-V). It might be considered that the true 
m.y. value of the Dp-age unit should be taken as the time value (i *49 tti.y.) 
where the Dp-age appears as ro. This is certainly the lower limit, but 
it will be observed that below 2 m.y. some irregularities appear in the 
sequences of values, and since the observed points for the BAT curve 
formula are at 70, 35, I7’S m.y., and the curve is calculated from past to 
present, there is a certain doubt as to the strict verisimilitude of the lower 
time values. For example, the length of the Pleistocene is given in 
Schuchert and Dunbar (1933, p- 43^) as “all students of the Pleistocene 
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history now agree that the entire duration of the Pleistocene was at least 
several hundred thousand years, it probably exceeded a million.” If we 
now bring in post-Pliocene time as about half a million years, this may be 
added to the 1*49 m.y. at Dp-age 1*0 to give again something very near 
the unit value of 2 m.y. which has been used. 

Again considering the obseiwed average Dp-age of 2’66 for Pliocene 
(Small and Johnston, 1937, p. 47); this is for the Pliocene with a length 
between 10 and 12 m.y., the mid-point taken being 6 m.y., but the average 
of the estimated lengths is ii m.y., giving a mid-point at 5*5 m.y., which 
corresponds closely to the 5*4 m.y. of Table I, where the calculated apparent 
Dp-age is 2*7 instead of the observed 2*66, and where the year value of the 
Dp-age unit is S'4/2-7 or 2*o m.y. instead of 5-5/2-66 or 2*08 m.y. 

Since the Pliocene tribal average Dp-age is the lowest observed point, 
and since various disturbing elements come into the calculations for lower 
points, it appears to be safer to adhere to the previously used value for the 
Dp-age unit, namely, 2*0 m.y., which may really be 2*08 m.y. if the observed 
points are quite accurate. There is no reason to suppose that these points 
are very accurate, and the close agreement between observed points and 
points calculated from the BAT curve is a further confirmation of the 
closeness of fit of the BAT curve to the observed data. 

It is, for example, definitely encouraging to find that when we require 
0-51 m.y. of post-Pliocene time to give the 2*0 m.y. for Dp-age i-o, the 
general estimate of geologists lies between several hundred thousand and 
over one million, while the well-known Pleistocene geologist, Professor 
J. K. Charlesworth, gives verbally a rough estimate of half a million years. 

III. The K Values and their Reciprocals. 

The K values show a progressive increase from 3 to 70 m.y. (Table I, 
col. 5). The reciprocals, i/K, of these values show a progressive decrease 
from 3 to 70 m.y. (Table I, col. 6). When these K values are graphed 
(fig. 1) it is seen that they increase almost directly with time; there is a 
slight divergence which is distinct below 12 m.y. When the i/K values 
are graphed (fig. i) it becomes clear that they decrease with time along 
something like an exponential curve. 

There are various deductions which may be made from these two sets 
of values, and the first concerns the point at which K and i/K are both 
equal to ro at 5*4 m.y. 

If K is a measure of the effect which dying-out of species and genera 
has had upon the apparent Dp-age of a group, then its reciprocal i/K is a 
measure of the extent to which apparent Dp-age has not been affected by 
dying-out. When these effects are equal we get the effects of progressive 
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increase in species-number and of dying-out equal, so that we may take 
backward extinction of existing species as 50 per cent, at 5-4 m.y. Briefly, 
if we take K as the extinction factor and i/K as the non-extinction factor, 
there is 50 per cent, of each when K = i/K at 5*4 m.y. It is shown below 
(Sect. IV and VI) that percentage backward extinction of existing species 
proceeds along a straight line, so that with 50 per cent, at $'4 m.y. we 



should expect at least 99 per cent, at io*8 m.y. This enables us to deduce 
the average life-time of a species as not less than 10'8 m.y. 

A second deduction is made by fitting exponential curves with 10 m.y. 
and 12 m.y. doubling periods to the ends of the i/K curve (fig. i). These 
are curves of progressive increase in species-number, while the i/K curve 
is a measure of the increase in the approximation of apparent Dp-age 
values to free Dp-age values. It will be shown below that Dp-age between 
2*66 and 6 varies nearly directly as average number of species per genus, 
rather than along a simple geometrical progression, other things being 
equal (Sect. V). We therefore take the i/K curve in fig. i as a third curve 
of progressive increase in species-number, and find that it approximates 
closely to the other two curves. With a 12 m.y. doubling period the lower 
part of the l/K curve is fitted very closely, while with a 10 m.y. doubling 
period the upper part of the i/K curve is fitted very closely. Therefore, 
we can make a second deduction to the effect that, after the influence of 
dying-out has been eliminated or allowed for, there is an average residual 
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increase in species-number which shows a doubling period of 10 m.y to 
12 m.y. 

Before going on to further deductions the two points to be demon¬ 
strated in connection with the above conclusions have to be considered 
(Sect. IV and V). 


IV. Sub-total Extinction. 

With the year value of the Dp-age checked as approximating fairly 
closely to 2 m.y., we can consider actual existing species. Since the oldest 
of these species cannot be of greater age than the maximum life-time of a 
species, and since these species are all living, we may assume for the 
moment that no deaths are taking place. Then with a free doubling 
period of 2 m.y. we would expect to find that 50 per cent, of the living 
species of a group were not in existence 2 m.y. ago; similarly, there would 
be only 25 per cent, existent 4 m.y. ago; and so backwards through 12*5 
per cent, at 6 m.y.; 6*25 per cent, at 8 m.y.; 3*125 per cent, at 10 m.y.; 
1*5625 per cent, at 12 m.y.; 0*781 per cent, at 14 m.y. With sub-total 
extinction defined as the disappearance of about 99 per cent., this simple 
consideration shows that 98*4 per cent, of existing species of Compositae 
(and probably of Angiosperms in general) were not in existence 12 m.y. 
ago; so that there is a sub-total extinction of existing species at or near 
the base of the Pliocene. 

These percentages for apparent backward extinction give a hollow 
curve of ‘^progressive origins similar to those in fig. i, but with a 2 m.y, 
doubling period. It should be noted carefully that these percentages 
are calculated as percentages of the total number of now existing species 
in a group, Lyell's curve for survivals of existing species of “shells'* 
yields percentage points as Pleistocene 100-90, Pliocene 90-50, Miocene 
40-20, Oligocene 15-10, Eocene 5-1, Paleocene o (Schuchert and Dunbar, 
^ 933 » P- 3 ^ 4 )* These were also calculated as percentages of the total 
number of now existing species in a group, and show the same form 
of curve, with 11 m.y, as the approximate value of the doubling period. 
The significant data are 6*25 per cent, at 44 m.y.; 12*5 per cent, near 
33 m.y.; 25 per cent, at 22 m.y.; 50 per cent, near 11 m.y.; 100 per cent, 
no^. Lyell's shell data are now rather suspect, but his curve may serve 
as an example of a curve of progressive origin which lies between the two 
given in fig. i, with doubling periods of 10 m.y. and 12 m.y. respectively. 

There is a second method of calculating these percentages, where the 
percentage is taken as the proportion of now existing species which occurs 
in the total known flora at any given point in time. This method takes 
into consideration not only species which are now living, but also species 
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which were living and are now dead. This method was used by Mrs 
Clement Reid, who gave a table (Willis, 1922, p. 144) of percentages of 
extinct species belonging to the Chinese-North American Association of 
Plants in the West European Pliocene at successive periods. The per¬ 
centages are given as approximate, and the highest figure (90 per cent.) is 
supported by data from Nathorst’s list, which gives 89 per cent, for a 
similar period in a Japanese deposit. Mrs Reid's data for the percentage 
of extinct species are o for Cromerian (top of Pliocene); 35 for Teglian 
(Upper Pliocene); 44 for Castle Eden (Middle Pliocene); 70 for Reuverian 
(low down in Lower Pliocene); 90 for Pont-de-Gail (base of Pliocene). 

When we consider these as proportions of partially extinct floras, and 
by subtraction obtain the percentages of now living species over living plus 
dead species of that association, which occur at the various levels, we get 
100 per cent, at the top of the Pliocene; 65 per cent, for Teglian or Upper 
Pliocene; 56 per cent, for Castle Eden or Middle Pliocene; 30 per cent, 
for Reuverian or Lower Pliocene; and 10 per cent, for Pont-de-Gail or 
base of the Pliocene. 

With the Pliocene taken as io*8 m.y. we get 5*4 m.y. as the mid-point 
of Middle Pliocene, 2*7 m.y. as the mid-point of Upper Pliocene, 8*1 m.y. 
as the mid-point of Lower Pliocene, and 10 m.y. as near the base of the 
Pliocene. Following Reid’s placing of the named deposits, and placing 
these at approximate positions on the time-scale (Table i, col. 7) we get 
a very close approach to a rectilinear percentage extinction for the Pliocene. 
The 35 per cent, at Upper Pliocene is somewhat divergent, unless the 
Teglian is taken as between 3 m.y. and 4 m.y., but the other four points 
are in close agreement with the straight line of extinction, and in any case 
the Reid points do not in any way resemble points on a hollow curve of 
progressive origins. This is on account of the presence in the data of 
species which are now extinct. 

V. The Life-time of a Species, 

Using the rectilinear backward extinction, supported by Reid’s data 
as above, we find that it reaches 100 or 99 per cent, extinction about io*8 
to 12 m.y., the exact extinction point depending on the placing of the 
deposits, If we take Pont-de-Gail as at io*8 m.y., 99 per cent, extinction 
is extended to about 12 m.y. 

The basis of rectilinear backward extinction, giving io*8 m.y. as the 
average life-time for species in Compositse, is therefore confirmed or 
supported by data from the Chinese-North American Association of Plants. 
But the Reid data would indicate a maximum life-time, for at least 99 
per cent, of the Angiosperms concerned, of zo to 12 m.y., whereas the BAT 
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curve data give at least io*8 m.y. as the average life-time. It would appear, 
therefore, that about 99 per cent, of species of Angiosperms attain nearly 
or quite to the maximum life-time. 

Residual Doubling. —The second deduction made above involves a 
rectilinear increase of the average number of species per genus'in relation 
to Dp-ages between 2*66 and Taking s\g at the family value of 2*1 
(Small and Johnston, 1937, p. 54), and referring to the basic tables (Yule, 
1924, Table III, p. 53), we find that for Time or Dp-age values of 2, 3, 4, 5, 
6, the M values (or average number of species per genus) increases thus: 
3-037, 4-765, 7-248, 10-819, iS‘9S3- be seen at once that these 

values do not increase by doubling in value for each unit increase of 
Dp-age. Reducing them to more easily comparable figures we get: 1*0, 
1-5, 2-0, 2*5, and 3-0 for the Dp-age proportions, and i-o, 1-56, 2-39, 3-56, 
and 5-24 for the proportions of M values as compared with the i, 2, 4, 8, 
16 given by a simple 2" geometrical progression. The direct relation of M 
to Dp-age is fairly close for Dp-ages 2 to 4, but M begins to rise more 
rapidly in the region of Dp-age 5-6. The agreement is sufficiently close 
to a rectilinear relation, and, what is perhaps more important, the relation 
is sufficiently far away from a simple 2^ progression to justify the inter¬ 
pretation of the i/K curve as approximating to that of a curve of resicjual 
progressive increase in species-number. Thus the basis of our second 
deduction is shown to have a reasonable foundation, and we can proceed 
farther, using this curve as a curve of progressive origin giving a residual 
increase in species-number with a doubling period of 10 to 12 m.y. 

We have already used this residual doubling period to show how, by 
successive halving of the 6000 species-number in the Grasses, we reach zero 
in Upper Cretaceous times (Small, 1937, Q.E. III). The use of io-8 m.y. 
instead of 12 m.y. would bring the zero some 9 m.y. higher up, about 87 
m.y. instead of 96 m.y., and this does not agree with the Dp-age of Paniceae, 
which is 6-33, giving 95 m.y. as the time of origin of this nearly basal 
group. The 12 m.y, doubling period also agrees better with species- 
number calculations for the Composit® and the Angiosperms as a whole. 
It also fits better into a general scheme of the life of a genus, which is 
considered below (Sect. VII). 

VI. Normal Death of Species. 

It has already been suggested that species and genera die a natural 
normal death from the senescent sterility of old age, and the presence of 
the necessary evidence of advancing sterility amongst still living genera has 
already been indicated (Small, 1938, Q.E. IV). Behind that suggestion lies 
the evidence here deduced of the majority of species in general continuing 
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to survive up to their maximum life-time. In other words, if the average 
life-time of Angiosperm species in general is also the maximum life-time of 
Angiosperm species in general, then species are not normally killed by 
external agencies, but die a natural death after a definitely limited life-time. 

When the average is the same as or very near the maximum there can 
be relatively few short life-times, while there is no evidence in Compositae 
of species living longer than the maximum 12 m,y. This relation between 
average and maximum may not hold for some groups of animals, such 
as the relatively few molluscs which are used as **zone fossils,” but in¬ 
vestigation of exceptions rather than controversy on details is required in 
quantitative evolution. 

The analogy of a human life kept free from all accidents, infection, and 
organic disease has already been given (Small, 1938, Q.E. IV), together with 
a beginning of the evidence which may be accumulated concerning senescent 
sterility in species and genera. This at least opens up a new field of 
interest, not only in advancing sterility, but also in relic endemics and 
cases of natural discontinuous distribution as possible evidence of normal 
senescence. 

Significant Data.—R ecapitulating the data deduced from the BAT 
curve we have; 

1. The free doubling period or Dp-age unit is very nearly 2 m.y.; 

2. The normal life-time for a species is very nearly 12 m.y.; 

3. The average residual increase in species-number as distinct from 
actual species has a doubling period of about 12 m.y. 

These data apply to the Compositae in particular, and apparently also 
to the Grasses and to Angiosperms in general. It is known from un¬ 
published results that they do not apply to some groups of animals. 

VII. The Life-history of a Genus. 

It has already been noted in general terms that the normal life-time of 
a genus of Angiosperms appears to extend over 12 to 14 doubling periods 
(Small, 1938, Q.E. IV, p. 20), and this would give 24 to 28 m.y. as the normal 
life-time for a genus. We have now reached a stage where the typical life- 
history of a genus, as a group of species, may be studied numerically. 

It has been shown (Small, 1938, Q.E. IV) that the simple dying-out of 
species after 12 m.y. would have only a slight effect upon the free Dp-ages 
of groups of species, which would continue to double in number at a rate 
approaching that of free doubling without any death of species. In order 
to account for the shape of the BAT curve—that is, for the observed 
effects of dying-out on the free Dp-ages of groups of related genera-*it is 
necessary to consider the decay of species production within the genus. 
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If we take free doubling along a 2” progression we get species-number 
within the genus increasing thus: i, 2, 4, 8, 16, 32, 64, 128, but if we 
consider each species as dying after a 12 m.y. life-time, the origins in this 
case are I, I, 2, 4, 8, 16, 32, 64; and the corresponding deaths after six 
doubling periods would reduce the series of origins and survivals to 1,2, 4, 



Fio. 2.—Diagranxmatic history of the development and decay of an 
average genus of Angiospenn». 


8, 16, 32, 63, 127, It becomes clear that we must consider species pro¬ 
duction as failing after about six doubling periods. 

This can be pictured in an informative fashion as in fig, 2, which is the 
result of many attempts to obtain a numerical arrangement which fits the 
data already observed and deduced, as well as other data which are 
developed later in connection with the Pliocene history of species-number, 
including the great majority of living species of flowering plants, 

A genus is taken (fig. 2) as arising with one species Ai. In the first 
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doubling period this gives rise to a second species Bi. In the second 
period each of these is taken as giving one more species Ci and B2. Yule^s 
progression with (Yule, 1924, p, 78) might have been used 

here, but we are considering free doubling and the difference is not 
sufficiently great to justify the complications, while with as for 

Compositae the difference is considerably reduced. Yule himself {op. cit,^ 
pp. 77*”78) states that When species are being killed-out, either more or 
less continuously during the whole lapse of time or more or less cata¬ 
clysmically at intervals, it at once becomes doubtful how far equation (24) 
applies. I propose, therefore, to take it that, for present purposes, it 
suffices to assume the law of free increase as simply logarithmic from the 
beginning.’’ Yule, throughout the last section of his memoir, favours the 
view of cataclysmic rather than continuous killing-out of species, so we 
may return to fig. 2 and proceed. 

In the third period Ai, Bi, B2, and Ci each give a new species, 
making 4 origins and a total of 8 species. In the fourth period each of 
these 8 species throws a new one, giving 8 origins and a total of 16 
species. In the fifth period each of these 16 species throws a new 
one, giving i6 origins and a total of 32 species. Then we come to 
the critical sixth period during which senescence develops; the first 
species Ai dies a normal death from old age, but senescence of the generic 
organisation also appears in this same period. Just as the species Ai 
shows senescent sterility in the production of fewer viable seeds to give 
fewer individuals, so the genus shows senescent sterility in the production 
of fewer new species. 

Numerically it was found that 13 was the number at this point which 
gave satisfactory results in Table II. In the diagram this can be traced 
as follows: the species Ai is senescent and does not throw; Bt,B2, andCi 
are early derivative species approaching senescence and amongst the three 
there is only one chance of a new species (No. i); then above and below 
the central older group we have derivative species, which are progressively 
farther away from their own period of senescent sterility in individuals but 
which are also progressively farther away from the central source, which 
is itself approaching senescence. Therefore we take each group of three 
species as giving a new one: 2, 3, 4, 5. Then from pairs of the relatively 
younger species which arose in the fifth period we derive 6, 8, 10, 12, 7, 9, 
11,13. with decay in species production or senescence in the genus, 

we normally derive no more new species. There occurs at this point a 
preparation of a “cataclysmic” extinction of the genus which happens 
after the lapse of 12 m.y. 

In the sixth period, from 32 species, 13 new species arise and one 
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old species dies, giving a total of 44 species. The genus then enters upon 
its mature phase, with species dying away slowly in the order in which 
they arose. In the seventh period only one Bi dies, giving a total of 43; 
in the eighth period 2 die, B2 and Cl, giving a total of 41; in the ninth 
period 4 die, giving a total of 37; in the tenth period 8 die, giving a 
total of 29. Then the genus may be said to enter upon its final phase; in 
the eleventh period 16 die, giving a total of 13; the last 13 to arise survive 
to the twelfth period, and then, with their deaths, the genus normally comes 
to an end. This abrupt end appears to be the cataclysm which Yule sus¬ 
pected so strongly. 

There is some evidence that there are a few genera which either have 
continued species production along a modification of the normal progres¬ 
sion or have undergone a rejuvenation with a relatively sudden extensive 
diversification leading to the production of new sub-tribes or other groups 
of related genera. These few cases, however, stand out as exceptions, like 
the three large genera in Compositae, which required special treatment 
(Small and Johnston, 1937) and are the subject of further special studies. 

There is, of course, no suggestion that all genera conform to this 
average pattern. There are genera with more than 50 species to the 
extent of about 5 per cent, of the total genera in Compositae (48 per cent.) 
and in Gramineas (5*6 per cent.), although in the Birds this group is only 
about I per cent, (’98). These larger genera compensate to some extent 
for the smaller genera, which may never reach the size of 44 species, so that 
the average picture as given may actually be attained by less than 50 per 
cent, of genera. At any one stage in the upward phase of a group there 
will naturally be many more smaller genera than larger genera, but the 
comparison of frequency distributions in various groups has sufficient 
significance for a separate study. 

The numerical totals for species-number throughout the life of an 
average genus would vary thus: i, 2, 4, 8, 16, 32, 44, 43, 41, 37, 29, 13, o 
(fig. 2). This gradual rise to a peak, followed by a period of apparent 
stability, passing to a rapid decline, and ending in an abrupt disappearance, 
is generally recognised in the fossil record as the more or less typical 
history of many groups of extinct plants and animals. Here we find it 
appearing for a genus as a logical consequence of deductions made from 
the variation in Dp-ages of Compositae, which is a relatively recent group 
and still the largest family of the Angiosperms. The pattern seems to be 
the same for a group of species as for a group of genera, but we may 
expect in related forms to find groups of genera showing longer life-times 
than groups of species, just as the life-time of a genus is at least twice that 
of a species. 
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The normal limitation of the maximum number of species in an 
ordinary genus to 44, as in the above series, would be at least a partial 
explanation of the excess of calculated over observed frequencies in the 
classes of genera with more than 40 species, which was noted in the 
original tests for Compositae. The Grasses show a frequency distribution 
of generic sires which does not differ significantly from Compositae. The 
number of genera actually found in Compositae with more than 50 species 
(37 out of 768) (Small and Johnston, 1937, Table III) is a clear indication 
that, while the series given may be normal for ordinary genera, there are 
some possibly ordinary genera which progress at least to the 64 stage 
before becoming senescent, and there are probably some few possibly 
primordial genera which progress still farther. What happens in 5 per 
cent, of genera need not prevent or distort a general view of what appears 
to be typical of the other 95 per cent, of the genera. In much the same 
way, there are a few groups of genera which show signs of decay in the 
production of new genera, so that normal death of species and decay 
in species-production within the genus is logically followed by decay in 
genera-production within the group or family. This senescence in the 
group or family is characterised by an M value about 5 to 15 and a very 
low/i value or no monotypes at all. It can be traced in the Araucarieae 
of the Coniferales, the Bambuseae of the Grasses, and the Colymbidae of 
the Birds. The percentage of genera involved is even lower than 5 in 
the groups so far investigated, but other, older groups may show this 
phenomenon dominating the normal type of distribution for generic sizes. 

VIII. Residual Doubling in Species-Number. 

It is now possible to attempt to follow the residual doubling in species- 
number which is shown by groups of related genera, following the i/K 
curve. Tabulating the totals, origins, deaths, and survivals for a group 
of genera, we can follow up with other genera arising in equal numbers in 
successive periods, rising to maturity and falling to decay along the same 
series. In this way we find the total number of species in any given period 
the same, also the total number and therefore the percentage of deaths 
constant for the various periods. This corresponds to the rectilinear 
extinction which is discussed above in Sect. IV. But it has been demon¬ 
strated that there is an average residual doubling of species-number with 
a doubling period of about six times the length of the free doubling period 
for species. 

The relation between apparent Dp-ages and this residuah doubling 
period is complex. Simple calculation would give six 12 m.y. periods 
at 72 m.y,, five 12 m.y, periods at 60 m.y. where apparent Dp-age is 
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observed as above 5*46 at 49 m.y.; four 12 m.y. periods at 48 m.y. com¬ 
pared again with the observed 5 * 4 ^ 49 m.y. Clearly the calculated 

apparent Dp-ages (with their corresponding M values) have a more 
complex relation to time than do ages in residual doubling periods as 
calculated in this simple manner. Nevertheless, the simplification of a 

Table II.—Species-number Histories with Doubling of Genera 
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uniform average doubling period enables us to continue the numerical 
analysis of the history of a group of related genera. 

In order to obtain the residual doubling, we must take into account 
the natural increase in genera which, with $\g above i*o, would have a 
longer doubling period than that for species. If, therefore, we double the 
number of genera after every fourth species doubling period, the tabula¬ 
tion in Table II is obtained. This scheme gives the total species-number 
rising approximately along an exponential curve by 4, 8, x8, 33, 52, 59, 
from 273 to 450. The doubling is not complete in six periods. 

The old genera dying-out within the period of time under considera¬ 
tion might be halved to correspond with the doubling of the new genera, 
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and this would decrease the totals in the 12 m.y. column so much (from 
273 to about 170) that doubling would be completed in about 8 m.y. 
instead of 12 m.y., since the total for the 8 m.y. column would then be 225, 
as compared with the 450 in the o m.y. column. The old genera would, 
however, belong to an older alliance somewhat different from the new one 
which is taken as developing, and the figures for the dead genera could be 
adjusted on less than a halving scale to give just complete doubling of 
total species-number in 12 m.y. The reduction of the *'dead*’ numbers 
should, however, follow some biological principle, rather than a merely 
arithmetical adjustment, and it has not yet been found possible to give 
such an adjustment with a biological basis. In any case, 12 m.y. as the 
residual doubling period is only an average value, not an accurate one, for 
each period. 

The numbers given throughout Table II are to be regarded more as 
proportions than as actual numbers of species, and they are useful in 
giving a rough idea of how the proportions of living and extinct species of 
a flora at any particular time might be arranged. The existing species 
decrease backwards along an exponential curve, while the extinct species 
form an increasing proportion of the flora; this increase is almost recti¬ 
linear with time, as after the first step the rise is about 40 for each 2 m.y. 
(Table II, fourth line up from base). 

If the number of genera is doubled after every third species doubling 
period, we obtain a similar set of values, where in only five species doubling 
periods the total species-number rises by 14, 20, 40, 64, 83, 121, from 273 
to 615, so that the doubling is completed within four periods (from 307 to 
615). This rate of doubling is rather rapid, while that in Table II is rather 
slow. The appropriate doubling period for genera would seem to lie 
either between 6 and 8 m.y, with a 2 m.y. period, or about 8 m.y. with an 
adjustment of the deads.'* 

Generic Doubling Period. —Taking 7 m.y. as the doubling period 
for genera in Compositae, and starting with one genus at 70 m.y., the 
number of genera would increase thus: 2 at 63 m.y.; 4 at 56 m.y.; 8 at 
49 m.y.; i6 at 42 m.y.; 32 at 35 m.y.; 64 at 28 m.y.; 128 at 21 m.y.; 
256 at 14 m.y.; 512 at 7 m.y.; 1024 at o m.y. Actually there are nearly 
800 existing genera of Compositae, so that the 7 m.y. 2" progression gives 
finally a reasonable approximation to the actual facts for number of living 
genera. A 2** progression from 72 m.y. with an 8 m.y. period would give 
only 512 as a total, so that something more than an 8 m.y. speed and 
something less than a 7 m.y. rate of doubling is indicated. 

If we try to follow this increase in generic-number in known genera, 
from the genera named in the original family tree (Small, 1919; Small 
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and Johnston, 1937, fig. i) there is Senecio at 70 m.y.; followed by 
Gnapkalium- giving 2 genera about 63 m.y.; followed by Spilanthes 
and Coreopsis giving 4 genera about 56 m.y.; followed by Bidens and 
Solidago giving at least 6 (instead of 8, 2 of which may have become 
extinct) genera about 49 m.y.; followed by Aster, Chrysanthemum, 
Achillea, Matricaria, Lactuca, and Trixis giving at least 12 (as compared 
with r6) genera about 35 m.y.; followed by Mutisia, Onoseris, Chaptalia, 
Siegesbeckia, Inula, Pulicaria, Gymnarrhena, and Erigeron giving at 
least 20 (as compared with 32) genera about 28 m.y.; followed by the 
comparatively recent large extension up to all the existing genera. It is 
not suggested here that all these actual genera are to be considered as 
surviving for the whole of the geological period concerned, but the general 
approximation in actual generic numbers and the roughly geometrical 
increase shown is in reasonable agreement with a 7 m.y. 2” progression of 
generic-number, especially when account is taken of the genera which 
have probably died out and of the genera which might have been named on 
the original tree. 

Another detail upon which the scheme in Table II may be checked is 
the average number of species per genus in the last period (o m.y.). At 
this stage there are 28 average genera with 450 species, giving an average 
number of species per genus (M) as 16, while for Compositae as a whole 
the M value is 13*6 (Small and Johnston, 1937, p. 32), and 12*8 for Angio- 
sperms taking 160,000 species and 12,517 genera (Willis, 1922, p. 180). 
Considering the very diagrammatic basis of Table 11 , this is a reasonable 
approximation, which would not be attained by an arrangement which 
did not include generic doubling, as this gives 12 genera with 270 species 
and an M value of 22*5. 

IX. Pliocene Backward Extinction. 

Using Table II and other similar tables as sources of data, we can 
calculate the apparent backward extinction which results from the pro¬ 
gressive origin of new species combined with the actual extinction of old 
species. When dealing with now existing species, as distinct from total 
species-number, we can take only those in genera which began in or later 
than the period 12 m.y., because according to previous deductions no 
species which arose in 14 m.y, should be alive now. Therefore we consider 
only those figures within the outlined block. Describing these species as 
living (L) and the old extinct species as dead (D), we obtain from the lower 
half of Table II: 

L 244-140-68-32- X4- 6- 2. 

D o- 13-42-79-120-163-207. 
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This gives, not the actual numbers of species, but the proportions of 
species L and D separately in each period; now the total species-number is 
found on other data to vary in such a way that on a percentage basis there 
would be 100 now and 50 at 12 m.y. Therefore we must convert the L 
series to base 100 and the D series to base 50; this gives approximately: 

L 100-59-28-13- 6- 2“- I, 

D cy - 3-10-19-29-39-50, 

and then per cent. l0O-^5‘-74--4O-i7-5--2. 

Similar calculations using a table with a 6 m.y. doubling period for the 
genera give: 

L 368 200-96-44- 20- 8- 2, 

D o- 13-42-79-120-163-207, 

which gives approximately, on a 100 base and 50 base: 

L 100-54-26-12- 5~ 2-*5, 

D o- 3-10-19-29-39-50, 

and then per cent. = 100-95-72-39-15-5-1. 

The difference in the rate of generic doubling (8 m.y, in Table 11 and 
6 m.y. in the other table used) makes practically no difference to the series 
of apparent backward extinction percentages, or percentage survivals. 



3.—Percentage survivals and extinctions for Pliocene. 


We can now graph these percentages as survivals for comparison with 
rectilinear backward extinctions as derived from the BAT curve, using 
both 10-8 m.y. and 12 m.y. for sub-total extinction; and also mark the 
points for the Reid percentage extinctions which, when converted to 
survival percentages, arc on a strictly comparable basis. These are all 
given in fig. 3, where it will be seen that the percentage survivals derived 
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from Table II vary more or less symmetrically around the BAT straight 
line, while the Reid points all lie on or near the straight line also. 

The numerical analysis of generic history given in Table II is clearly 
only an approximation, but with some degree of verisimilitude when 
compared with the points given by Reid and the points derived from the 
BAT curve. The numerical arrangement requires smoothing, and this 
may be accomplished by a mathematical treatment of this and other parts 
of the subject, as is indicated by further investigations. As yet we can 
obtain rectilinear extinction as for the BAT curve with no residual increase 
in species-number, and also an approximation to exponential increase to 
final doubling but with a sigmoid extinction line. The full solution might 
include a less steeply exponential increase, and might involve reductions 
in the total deads in accordance with the generic increase assumed 
during the last 12 m.y. Another possible variation is the use of a less 
abrupt ending for the genus. All these and many other modifications 
have already been investigated, but the solution given in Table II remains 
the one which is the best compromise between the requirements for 
doubling in total species-number in I2 m.y. and those for a rectilinear 
extinction. 


X. Geological History of Species-number. 

Distinguishing carefully between existing species which have arisen 
on a 2 m.y. progression and .species-number which has increased along a 
12 m.y. progression, we can now attempt to trace the approximate course 
of species-number increase during geological time. 

CoMPOSITvE. —On the above basis we can trace the history of species- 
number in Compositae backwards through the Cenozoic. Taking 10,000 
as the present number and halving for each 12 m.y., we reach 312 species 
at the base of the Eocene (60 m.y.). The Compositae are considered on 
other grounds as having arisen in Late Upper Cretaceous, so that at this 
point we take note of the consideration that, with 12 m.y. and 2 m.y. 
progressions, there will be no deaths for the first n or 12 m.y. from the 
origin. This leads to a halving of species-number every 2 m.y. backwards 
from 60 m.y., giving only 5 species at 72 m.y., which is in reasonable 
accordance with the general view of the family as previously presented 
(Small, 1919). 

Angiosperms. —The Compositae, as a relatively young family, should 
not show much sign of the senescence of whole groups of genera, but the 
Angiosperms, as a much older group, probably have their history com¬ 
plicated by the senescence of genera and of whole groups of genera. By 
repeated halving of the 160,000 for existing species of Angiosperms we 
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reach 312 at 108 m,y,, but continue with the 12 m.y. period to 39 at 144 
m.y., and then by 2 m.y. stages to i at 154 m.y. Even this may be too late 
a date for the origin of the Angiosperms, and a large degree of generic 
senescence would push the origin at least lower down in the Jurassic. 



The sudden rise of the total species-number to 312 at the end of Lower 
Cretaceous and to 5000 by the end of the Upper Cretaceous may account 
for the palaeontologists* (Schuchert and Dunbar, 1933, p. 3 ^ 7 )i “Deciduous 
trew suddenly became conspicuous in the Early Cretaceous and long before 
the close of the period dominated the landscape in all continents just as 
they do to-day,** “The strong deployment of this group of plants in the 
vot. hvtn, 1937*381 part i. 4 
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Cretaceous was one of the most significant advances in the whole evolution 
of plant life, second only to their spread over the lands,” 

Senecio. —This genus appears to be exceptional among Angiosperms* 
While Compositse species form rather more than 6 per cent, of the total 
existing Angiosperms, Senecio alone has about lo per cent, of the species 
of Compositae, so that this single genus has over 0’6 per cent, of the total 
species-number in Angiosperms. These species, it should be noted, extend 
into all parts of the world and are recognised Linnean species, not segregates 
such as occur in Hieracium and other so-called critical genera. Senecio 
thus appears not only as now a primitive genus, but also as the basal and 
central continuous stock from which other Compositae have been derived, 
directly or indirectly. The history of species-number in Senecio is, there¬ 
fore, worth following. Starting with one species at 70 m.y., doubling for 
each 2 m.y. through the first five doubling periods, and then for each 
12 m.y. from 60 m.y. to the present, we get a total of 1024 species, as 
compared with the 1450 mentioned for Senecio by Willis (1922, p, 185). A 
very slight allowance for post-Pliocene time would give even closer approxi¬ 
mation of the calculated and observed sizes for this genus. It is, therefore, 
quite possible on the basis of species-number that Senecio as a genus has 
existed throughout the entire period of existence of the Compositae. he 
species-number history may involve at least two periods of senescence and 
rejuvenescence in this genus, but rejuvenescence is the subject of later 
studies. Other genera are, of course, known from Cretaceous times such 
as Platanus, Cinnamomum^ Quercus^ Juglans^ Salix^ Ficus^ etc, (Seward, 

1933. P. 404)- 

Grasses. —In a previous contribution (Small, 1937, Q.E. Ill, fig. i) the 
species-number of the Grasses was given to show that this type of data 
conformed to the suggested geological history of the family. Starting 
with the existing 6000 as a species-number and halving at 12 m.y. intervals, 
we reach 47 at 84 m.y., and i at 94 m.y,, giving an Upper Cretaceous 
origin for the Gramineae, which is considerably lower than that for Com- 
positae. The 12 m.y. series is extended beyond the 188 at 60 m.y. because 
the Dp-age for the Bambuseae, as the basal group, is considerably lower 
(4-65) than that of the Panice^ (fi* 33 )» which is very probably a derivative 
group, thus indicating an extensive generic senescence which has affected 
the Graminese but not the Compositae, where the basal and oldest group 
still shows the highest Dp-age. These divergences in groups known to be 
old are not fundamental flaws in the general quantitative treatment; 
rather are they significant exceptions to arules which obviously apply to a 
large proportion of species and genera, leaving the exceptions to furnish 
the clues for subsequent investigations. 
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XL Primordial Genera. 

The ordinary generic history outlined above involves a distinction 
between ordinary genera, which do not develop more than about 44 to 64 
species, and those primordial genera which occur in many families, as 
the basal genera of sub-tribes, tribes, or whole families. Senecio is an 
outstanding example, but there are others even in Compositae, such as the 
Eupatorium-Mikania group for the Eupatorieae and the Centaurea plexus 
for the Cynareae. The 26 out of 768 genera in Compositae with 66 or more 
species may all be considered as possible primordial genera. This again 
opens up a special field for investigation throughout the flowering plants, 
because many tribes and families do not appear to have primordial genera, 
while others have; and these phenomena can also be traced in animal 
genera and groups of genera. 

XI L The Present Rates for Origins and Extinctions. 

Confining the calculations to Angiosperms, it is now relatively easy to 
estimate the present rates for origin of new species and extinction of old 
species. 

Origins. —With a doubling period of 2 m.y. and a present total of 
about 160,000 species of Angiosperms, there are 160,000 new species due 
to arise in the next two million years. Since this increase should really be 
exponential within itself, we err on the larger side by taking the average 
at 16 in 200 years, or 8 per century. The chances of all 8 origins being 
witnessed, or detected with certainty, are very small, but at least one, 
namely, that of Capsella Hmggeri, is known to have taken place under 
circumstances which involved its immediate recognition. Other less 
certain cases make a total of more than 8 during the last century. 

Extinctions. —With existing species arising along a 2” progression 
with a 2 m.y. period, we get 80,000 at 2 m.y.; 40,000 at 4 m.y.; 20,000 
at 6 m.y.; 10,000 at 8 m.y.; 5000 at 10 m.y.; 2500 at 12 m.y,; and 1250 
at 14 m.y. It is suggested above that at least 99 per cent, of existing 
species did not exist more than 12 m.y. ago, and this agrees with 1250 
species at 14 m.y. There should be, therefore, 1250 to 2500 species in a 
senescent condition at the present time, these having arisen about 12 m.y, 
ago, Since these would include known sterile or semi-sterile species and 
relic endemics, and since the maximum of 2500 species are due for extinc¬ 
tion in the next half-million years, the present rate of natural extinction 
may be as low as five in one thousand years. This natural rate is definitely 
lower than the observed rate of extinctions, but many of these extinctions 
are traceable to the unnatural treatment of rare species by collectors, and 
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some of these rare and now extinct species were very possibly new species, 
discovered and collected*’ to extinction before they had time to spread. 

Summary and General Conclusions. 

I. Further points are determined along the BAT curve, especially for 
the last twelve million years (Table I). 

II. The year value of the Dp-age unit is checked, by reference to these 
values and to the suggested length of the Pleistocene, and is found to be 
2*0 or 2 *o8 m.y. 

III. The reciprocals of the K values are given, and their significance, in 
relation to the conclusions from the rectilinear increase of K values with 
time, is discussed. They are interpreted as indicating (i) rectilinear 
backward extinction, giving 50 per cent, extinction at 5*4 m.y. and sub¬ 
total extinction at 10*8 to 12 m.y.; and (2) a residual increase in species- 
number with an average doubling period of 12 m.y. This gives io*8 to 
12 m.y. as the average life-time for a species (fig. i). 

IV. Sub-total extinction, with a rectilinear relation to time, when 
percentage extinction is calculated as percentage of existing species over 
existing and extinct species at the various points of time, is compared with 
the hollow curve of backward extinction along a 2 m.y. progression for the 
percentage of living species calculated as the percentage of now living 
species existing at the various points of time over the total of species now 
living. A comparison, showing a close similarity, is also made of the 
rectilinear backward extinction with Mrs Reid’s data for a Pliocene flora, 
which gives about 12 m.y. as the maximum life-time for a species. 

V. The basis of the interpretation of l/K values as a measure of the 
increase in species-number is explained. It is then emphasised that these 
various conclusions lead to the same or similar values for both the average 
life-time and the maximum life-time for a species. 

VI. From this the important deduction can be made that species die 
a normal death, presumably from the senescent sterility of old age, with, 
perhaps, a minor part being played by the progressive restriction of 
survival conditions for a senescent species. 

VII. The life-history of a genus is explained upon the foundation of 
the above conclusions, and species-number in a genus is shown to follow 
the series i" 2 - 4 - 8 '"i 6 *“ 32 "- 44 - 43 “ 4 i- 37 - 29 “i 3 -o. This gives 24 m.y. 
as the normal life-time of an ordinary genus, and a diagram is given 
showing the effects of species-deaths at 12 m.y. and the decay of species- 
production within a genus also at the 12 m.y. period. The significance 
of this picture of generic history is considered in some detail (fig. 2). 
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VIII. A numerical analysis is made of a group of genera, and the 
residual increase in species-number with a 12 m.y. doubling period is 
shown as following an increase in the number of genera within the group; 
this increase appears to have a doubling period of a length between 7 and 
8 m.y. (Table II). A doubling period of 7 m.y. is shown to agree with 
generic-number in Compositae at various geological periods. 

IX. The percentage of backward extinction in the above group of 
genera is traced from Table II, as a sigmoid curve, varying symmetrically 
around the rectilinear backward extinction line derived from three sources, 
namely, the BAT curve data (Table I), Reid^s Pliocene extinction data (see 
Table I), and the generic history scheme in Table II (see fig. 3). 

X. The geological history of species-number is traced for Compositae, 
Angiosperms, Senecio^ and the Grasses, and is shown to be in reasonable 
agreement with data derived from other sources (Table III). 

XI. A distinction is drawn between ordinary genera, which form the 
large majority, and primordial genera, which develop more than 65 species 
and are relatively few in number. 

XII. The present rate for origins of new species in Angiosperms is 
shown to be about eight per century, while the present rate for the natural 
extinctions is estimated to be about five in one thousand years. 

General Conclusions. —The close approximation of the various 
quantitative considerations, derived from Yule^s formulae and the BAT 
curve, to the various data which are available from other sources forms a 
cumulative series of possible coincidences, the sum-total of which gives an 
increasing verisimilitude to the whole subject of quantitative evolution. 
The other sources include general species-number in Angiosperms, Grasses, 
Compositae, and Senecio, general generic-number in the Compositse, 
together with Reid^s Pliocene extinction data as above; the general 
evolutionary sequence for Compositae (Small, 1919) and for the Grasses 
(Bews, 1929); also Udny Yule^s tests for Cerambycinae, Chrysomelidae, 
Snakes, Lizards, and Leguminosae (Yule, 1924). Other, still unpublished, 
investigations indicate that while the Oligochaete worms follow the general 
scheme, the Coniferae show a 5 m.y. and 30 m.y. curve; also that the non- 
Passerine birds show distinctly modified data which can be interpreted as 
showing the effects of competition between related species to an extent 
of at least 60 per cent, in the genera of that group, while the Passeres 
show the effects of this type of natural selection to the extent of not more 
than 42 per cent, in the genera in that large group of birds. 

With this basis of evidence as a background, a definite conclusion may 
still be premature, but we are certainly justified in suggesting as tentative 
conclusions (l) that the laws of chance have acted as a basal scheme in the 
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mutational origin of new species, more or less along the lines elucidated 
by Udny Yule (1924), with the important modifications of normal death of 
species after a limited life-time and of normal decay in species-production 
within ordinary genera; (2) that competition between species has played 
a very minor part (possibly i per cent.) in the diversification and survival 
of species and genera in Angiosperms, although it can be shown to have 
had a distinctly measurable effect upon the history of species and genera in 
some groups of animals. 

If the data given in these contributions to the quantitative study of 
evolution appear, in the phraseology of one critic, to be too coherent for 
actual truth, it should be remembered that, so far as we have gone, these 
investigations have covered only the ground plan or basic framework of 
the evolution of species and genera, mainly in Angiosperms; and that it is 
at least possible such a framework does exist. The variations upon the 
fundamental theme appear to be many, and their very multiplicity may 
well be responsible for the appearance of incoherence which seems to be 
the most desirable feature of a really popular view of evolution in general. 
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V.— The Decline of the Birth-Rate : Regularities Revealed 
by an Analysis of the Rates Observed in Certain European 
Countries. By R. S. Barclay, B.Sc., and W. O. Kermack, 

D.Sc., LL.D. (From the Laboratory of the Royal College of 
Physicians, Edinburgh.) (With Two Figures and Fourteen 
Tables.) 

(MS, received December i, 1937. Read December 6, 1937.) 

Introductory. 

During recent decades the vital statistics of the more developed countries 
of the world have exhibited two outstanding features: the first is a decline 
in the death-rate, and the second a similar decline in the birth-rate, the 
latter setting in some time after the former. It is generally realised that, 
for an adequate study of the changes involved, it is necessary, not merely 
to consider the crude death- and birth-rates—that is, the number of deaths 
and births respectively per 1000 inhabitants—but also to take into account 
the age distribution of the population. In the case of death-rates, for 
instance, it is important to know the specific death-rates for each age- 
group—that is to say, for example, the annual number of deaths of persons 
aged twenty, per 1000 individuals of that particular age. In the same way 
the crude birth-rate can only be properly interpreted when analysed in 
reference to the age of the mothers. 

For most countries which collect vital statistics the specific death-rates 
are easily obtainable, for the age at death is almost invariably recorded on 
the death certificate. These rates are tabulated in the respective Registrar- 
General’s reports: for Scotland as from i860, and for England and Wales 
as from 1841. During the past half-century they show a more or less 
steady decline, which, however, does not seem to follow any simple law. 
In two recent papers (Kermack, McKendrick, and McKinlay, 1934 and 
^935) it has been shown that, in spite of the apparently arbitrary nature 
of the decline, there is an underlying regularity of a simple and interesting 
type. To bring out this regularity, it is only necessary to choose as 
standard the specific death-rates which prevailed before the decline had 
begun, and to represent the specific death-rates for subsequent periods 
as percentages of the corresponding standard rates. If the figures so 
obtained are collected in a table, such as that shown in Table I (for 



56 R. S. Barclay and W. O. Kermack^ Decline of Birth-rate: 

Scotland; reproduced by kind permission of The Lancet)^ it will be seen 
that, apart from small fluctuations of a more or less accidental character, 
they exhibit an unexpected and interesting regularity — along each 
diagonal the figure is approximately constant. The implications of this 
result are discussed at some length in the two papers referred to above. 
It is sufficient here to point out that it follows that the actual specific death- 

Table I.—Relative Specific Mortality Rates, Scotland, 



rate recorded for any age-group is the product of two factors, one depend¬ 
ing on the year of birth, the other on the actual age of the group in question* 
This generalisation allows certain predictions to be made with regard to 
future death-rates. It should be added that the result holds for all groups 
from the age of five years and upwards; the infantile death-rate follows 
a different course. 

An exactly similar regularity is found in the figures for England and 
Wales, and in the case of Sweden, where specific death-rate figures are 
available from 1751 onwards, the same general regularity is to be observed; 
only here it is somewhat obscured by a disturbance, which, since 1855, has 
affected the age-groups centred at 10, 20, and 30 years. 
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In the light of these results it is natural to inquire whether the decline 
in the fertility of mothers exhibits any similar regularity. It is necessary 
first of all to construct a table showing the specific fertility rates for mothers 
of various ages in successive calendar years. For this investigation the 
records must extend backwards to a time preceding the beginning of the 
modern decline in the birth-rate. This very much limits the countries 
which can be dealt with, for there are very few governments which 
have for any length of time insisted on the statement of the mother’s age on 
the birth certificate. It is only now being realised how grave a blow was 
struck at the progress of knowledge in this field when the recording of 
this information was discarded in Scotland in 1855, after having been 
carried out for but one year. Most civilised countries have already taken 
the necessary steps to ensure the recording of the mother’s age on the birth 
certificate. The decision recently taken to adopt this practice in Great 
Britain, though belated, is nevertheless a most welcome one. 

Definitions, 

Before proceeding to draw up fertility tables for the various countries, 
it is necessary to decide which of two alternative indices of fertility is to be 
adopted. We may either consider the total number of children born to 
mothers of a particular age per 1000 women of that particular age (specific 
total fertility rates); or deal with only legitimate births, and find the 
number of children legitimately born to married women of a particular 
age per 1000 married women of that particular age (specific legitimate 
fertility rates). From the biological point of view, importance attaches 
to the specific total rates; but when the interpretation of the figures in 
terms of known social factors is the objective, the legitimate fertility rates 
are especially useful, because they refer to more homogeneous groups. As 
will be seen later, approximately the same results are obtained whichever 
set of figures is employed. 

Specific Legitimate Fertility Rates in Sweden, 
Denmark, and Finland. 

In Sweden the necessary data are available from 1781 onwards. 
Table II gives the quinquennial legitimate fertility rates for this country 
as supplied by the Central 'Bureau of Statistics, Stockholm (cf. Statistisk 
Arsbok for Sverige^ ^ 93 ^)' It seen that the rates for the four 

decennial periods 1841-50, 1851-60, 1861-70, and 1871-80 are all approxi¬ 
mately the same; the fall in the birth-rate only began about 1880. We 
have therefore taken as standard the average of the rates for the four 



58 H. S, Barclay and W, O. Kcrmacki Decline of Birth-rate: 

Table II.—Specific Legitimate Fertiuty Rates, Sweden, 1841-1934. 


Age- 

groups. 

Standard 

Period. 

j 1841-50. 

1851-60.! 

1861-70. 

1871-80. 

1881-85. 

1886-90. 

1891-95. 

15*^20 

512-9 

I , 

1 502*6 

! 520*1 

506-2 

5226 

510*2 

506*6 

529*3 

20 2$ 

464-6 

4567 

1 470*4 

457-2 

474*1 

447 

447 

456 


37 fi ‘3 

370*0 

i 378*0 

376*0 

389*2 

376 

372 

365 

30-35 

i 324’2 

3*6*8 

1 326*8 

320*4 

332*7 

325 

318 

307 

35-40 

257*0 

245*2 

258*2 

1 258*4 

266*3 

258 

253 

243 

40-45 

148*0 

*36*3 

148*1 

i 152-3 

155*4 

150 

142 

136 

45-50 

24*3 

23*1 

24*5 

24*8 

24*6 

23 

22 

20 


Age- 

groups. 

1896^-1900. 

1901-05. 

1906-10. 

1911-15* 

1916-20. 

1921-25. 

1926-30. 

1931-34. 

15-20 

1 

589-4 

609*4 

629*1 

594*3 

596-3 

■ 

6017 

575*2 

534-6 

20-25 

1 467 

1 456-1 

449-8 

403-8 

392*3 

354*5 

309-1 

273-6 

25-30 

369 

358-9 

341-0 

298*6 

276*8 

242*4 

198-7 

174-4 

30-35 

297 

286*1 

269-7 

231*8 

2o8*9 

178*3 

139-9 

121-0 

35-40 

234 

218*3 

204-8 

178*3 

154*1 

129.9 

98-2 

78-3 

40-45 

12Q 

u8*i 

107-j 

94*3 

80*4 

66*0 

i 48-3 

36-2 

45-50 

17 

15*7 

13-8 

11*2 

10*2 

1 

8*5 

6*0 

. 4-3 


These rates are based on confinements, not actual births. 

The last calendar period extends over four years, as the necessary informati6n is not 
available for 1935. 


g 

I 


Table III.— Relative Specific Legitimate Fertility Rate.s, Sweden. 
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decennial periods. These standard rates are shown in the column headed 
standard period. When the other figures are divided, each by the corre¬ 
sponding standard rate, we obtain the relative specific legitimate fertility 
rates shown in Table III. For convenience, the actual quotients have 
been multiplied by 100 so as to give the results as percentages. 

It will be seen that, if we except the 15-20 age-group, these figures 
exhibit a degree of regularity comparable with that shown by the relative 
specific death-rates as described above. Thus, for example, the line which 
passes through the groups possessing 60% of the standard fertility is 
nearly straight, and lies along a diagonal. Other parallel diagonals 
correspond approximately to 40%, 50%, 70%, etc. 

Although, then, the decline in the Swedish birth-rate, when analysed, 
is found to contain certain regularities of the same general type as those 
met with in connection with the death-rates, there is, nevertheless, one 
very striking difference. The diagonals along which the relative figures 
are constant are the ones at right angles to those found in the case of the 
death-rates. 

At this point it is desirable to inquire whether this result for Sweden 
stands by itself, or whether it holds for other countries for which adequate 
statistical data are available. In the case of Denmark, for example, 
information is obtainable for 1861 onwards. The data, as furnished by 
the Department of Statistics, Copenhagen, arc presented in Table IV 
(cf. Statistisk Tabelvaerk {Danmark)^ ig26-3o). Though the statistics 
do not begin at so early a date as in Sweden, they include periods before 
any appreciable decline in the birth-rate set in. The standard figures, 
calculated from the periods 1861-70 and 1871-80, are also given in the 
table. 

When the other figures in the table are divided by the corresponding 
standard rates, and multiplied by 100, the relative specific legitimate 
fertility rates (Table V) are obtained. It is again evident that, apart 
from the age-group 16-20, there is the same diagonal regularity in the 
Danish figures as in the Swedish. 

The only other country for which we have been able to obtain even 
moderately adequate figures is Finland. The specific legitimate fertility 
rates for this country are shown in Table VI, and the relative rates, 
calculated in the usual way, in Table VII. In this case the standard 
rates are derived from the periods 1880-84 and 1885-89. The general 
diagonal trend is obvious, though the figures are somewhat less regular. 
Inspection of the table reveals that disturbance is principally due to the 
European War, the period 1915-19 showing abnormally low rates, and 
the post-War periods abnormally high rates. There is, of course, 
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Table IV,—Specific Legitimate Fertility Rates* Denmark, 1861-1935. 


Age- 1 
groups. 

Standard | 
Period, j 

1861-70. 

1871-80. 

16 19 

S 4 S -5 

468 

623 

20- 24 

469-5 

447 

1 492 

2S--29 

388-0 

389 

1 387 

3 CH -34 

317-0 

312 

1 322 

35-39 

243-0 

236 

1 250 

40-44 

126*5 

130 

123 

45-49 

15-5 

17 

i 

14 


00 

00 

i 

1891-95. 

1896“ 

19^. 

1901-05. 

71S 

633 

620 

628 

494 

459 

457 

451 

405 

367 

371 

36s 

312 

295 

280 

262 

230 

222 

208 

191 

114 

106 

102 

85 

*3 

n 

ii 

10 


Age- 

groups. 

1906-10. 

1911-15* 

1 

1916-20. 

1921-25. 

1926-30. 

193I-3S* 

16-19 i 

626 

574 

542 

629 

595 

574 

20-24 j 

441 

393 

368 

359 

314 

293 

25-29 

328 , 

295 

269 

250 

210 

189 

30-34 ' 

240 1 

214 

199 

175 

146 

127 

35-39 

171 ! 

157 

135 

117 

93 i 

40 

40'-44 

77 

69 

61 

53 

40 

16 

45-49 

8 ' 

1 

7 

6 

5 

4 

1 


These rates are based on numbers of births, not confinements. 


S 

I 


Table V.— Relative Specific Legitimate Fertility Rates, Denmark, 





Analysis of the Rates Observed in Certain European Countries, 61 


Table VI. —Specific Legitimate Fertility Rates, Finland, 1880-1934. 


Age- 

groups. 

Standard 

1 Period. 

1880-84. 

1885-89. 

i890-94. 

1895-99. 

1900-04. 

I5-Z9 

386-2 

383-9 

388-5 

353*4 

388-6 

369*0 

20-24 

j 430*3 

1 423*0 

437*5 

436*0 

528-5 

405*5 

25-29 

1 371*0 

1 359-2 

382*8 

327*3 

369-9 

354*8 

30-34 

338*0 

333*7 

342*2 

319*4 

322-7 

342*9 

35-39 

270*3 

265*0 

275*5 

248*2 

268-3 

330*9 

40-44 

175*7 

169*6 

iSi'S 

151*7 

i6o-3 

150*1 

45-49 

29*6 

26*7 ’ 

32*4 

24*2 

25-4 

21*4 


Age- 

groups. 


15-19 

20-24 

25-29 

30-34 

35-39 

40-44 

45-49 


1905-09. 


373’8 

4221 

361*2 

372'3 

251*6 

140*2 

22*4 


1910-14. 


411*8 

3907 

3327 

277*6 

224*8 

147*9 

17*4 


1915-19. 


365*8 

333*9 

276*8 

238*2 

189*3 

134*7 

i8*8 


1920-24. 


529*9 

435*1 

323*0 

238*4 

189*0 

105*6 

16*5 


1925-29. 


584-9 

447-1 

326-5 

218*0 

162*4 

95*5 

I 4 -I 


1930-34- 


449*2 

343*9 

243*9 

179*5 

132*7 

70*0 

ii*i 


We understand these rates are based on numbers of confinements. 


Table VIL—Relative Specific Legitimate Fertility Rates, Finland. 


S.P. 1800 - 1896 - 1900 


16.19 

100 

92 

101 

96 

20-94 

1 100 

101 

123 

94 

95-29 

100 

88 

100 

96 

30-34 

100 

95 

95 

XOl 

36-39 

100 

92 

99 

85 

40-44 

loo 

66 

91 

86 

45-49 

100 

82 

88 

78 


1905 - 1910 - 1915 - 1990 - 1925 - 1930-54 

97 107 95 137 161 116 

98 

97 

110 

93 

80 

78 

80 50 40 
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absolutely no doubt that major cataclysms, such as great wars or epidemics, 
produce well-marked temporary effects on both death-rates and birth¬ 
rates, However, as compared with the deeper social influences, such 
disturbances, though violent, are but temporary in their incidence. For 
our present purpose they are to be regarded only as perturbations super¬ 
imposed on a more permanent secular trend. 

We conclude that in Sweden and Denmark, and, apart from War 
disturbances, in Finland, the specific legitimate fertility rates follow what 
we may call the diagonal law. Women under twenty must be excluded 
in each case. 

Specific Total Fertility Rates in Sweden and Denmark. 

The specific total fertility rates may be analysed in exactly the same 
way. The necessary data for Sweden and Denmark are given by 
Kuezynski (1935). The relative rates, obtained by dividing these figures 
by the corresponding standard rates, are shown in Tables VIII and IX. 
In the case of Denmark the rates for the seven-yearly period 1878-84 are 
taken as standard; for Sweden the average over the first two quin¬ 
quennial periods, 1871-75 and 1876-80, has been adopted. Once more 
the diagonal regularity is revealed; it is to be noted that the age-group 
15-20 again stands out, in both cases, as an exception, and that, indeed, 
the next age-group, 20-25, is also irregular and deviates in the same sense. 

Norway and France. 

For two other European countries we have been able to obtain records 
of specific fertility rates extending over a considerable period—Norway 
and France {cf. respectively Folkemengdens Bevegelse^ 1921-32^ and 
Siatistigue du Mouvement de la Population, JpJi). In both cases, 
however, the figures are not particularly suitable for the present investiga¬ 
tion, and so will not be discussed in detail in this paper. The Norwegian 
statistics are available only for ten-yearly periods, and so the above form of 
analysis cannot be directly applied. It may be stated, however, that there 
is a general qualitative agreement of the Norwegian with the Swedish 
and Danish figures, and, in particular, that the approximate diagonal 
law is clearly indicated. The French statistics go back to 1896, but here 
the difficulty arises that the decline in the French birth-rate had been 
proceeding during most of the nineteenth century, so that the direct 
calculation of a standard period is out of the question. However, by the 
application of the modified method developed in connection with the 
death-rates (Kermack, McKendrick, and McKinlay, 1935), this difficulty 
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Table VIIL—Relative Specific Total Fertility Rates, Sweden. 



3.P. 

laei- 

1886- 

1891- 

1696- 

1901- 

1906- 

1911- 

1916- 

1921- 

1926-60 

i5*ig 

100 

108 

116 

121 

164 

166 

19B 

204 

177 

187 

1B6 

20-24 

100 

00 

101 

101 

109 

112 

115 

107 

99 

01 

78 

26-29 

100 

97 

96 

96 

93 

96X 

^89 

m 

71/ 

^ 63 / 

/ 

51 



Table IX.—Relative Specific Total Fertility Rates, Denmark 
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is avoided, and it then appears that the diagonal law held good up to the 
beginning of the War. The War, of course, brought about a general fall 
in the birth-rate, and this was followed by a rapid rise above the pre-War 
level The rate soon returned to more normal values, but continued to 
remain higher than would have been the case if the pre-War diagonal law 
had still prevailed. We are not in a position to express an opinion as to 
how far administrative measures, such as the system of family allowances, 
has contributed to this effect. 


Discussion. 

The most striking contrast between the death-rate and birth-rate 
figures consists in the fact that in the latter case the diagonal lines lie at 
right angles to those obtained in the former. This expresses the fact that 
whereas the death-rate first began to fall in the younger age-groups, the 
decline in the fertility of married women was initially limited to the older 
women, and only gradually spread to the younger age-groups. Quali¬ 
tatively, this is perhaps not surprising; in general, the older women 
would, on the average, have the larger families, and it is natural that 
limitation should be first applied to the very large families, and only 
afterwards to the smaller ones. What is very surprising is that decrease 
in fertility should have followed so regular a course as to give the approxi¬ 
mately linear relationship demonstrated by the tables. It is even more 
curious that the lines should run at 45®. This means that the wave of 
reduced fertility, sweeping down from the older to the younger women, 
passes from one quinquennial age-group to the next in precisely five years. 
In the case of the death-rates the wave of reduced mortality swept in the 
opposite direction, from the young to the old, and it was pointed out that 
here the existence of the diagonal law meant that each generation carried 
its own characteristic reduction in mortality along with it. In the case 
of the birth-rates there does not seem to be any corresponding simple 
interpretation. At present we can only regard the fact that the rate at 
which the wave progresses is one year of age per year of time as a curious 
accident. 

Although the theoretical implications of these regularities in the decline 
of fertility are somewhat obscure, the linearity of the law makes its practical 
application easy, as in the case of the death-rates. Straight lines may be 
extrapolated without ambiguity, and so it is possible to extend the table 
for one or two periods, The limit to which this extension can be safely 
carried out is determined by three main factors. Firstly, the linearity is, 
doubtless, only approximate, and sooner or later a significant curving 
will occur, leading ultimately to a considerable divergence of the actual 
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from the expected fertilities. Secondly, the farther we proceed into 
the future, the greater is the likelihood of violent disturbances and entirely 
new factors being encountered, which might introduce very great dis¬ 
crepancies. Thirdly, the percentage reductions for the higher age-groups 
are not directly given for future years. The number of these missing 
rates becomes progressively greater as time goes on. These older age- 
groups will not at first greatly affect the total birth-rates, as they are 
relatively infertile, and in any case an approximate estimate of the 
percentage required can be made by extrapolating from the known 
sequence of percentages; but prolonged extrapolation becomes increas¬ 
ingly uncertain, and the groups affected become more and more important. 

In the table below (Table X) we give estimates of the specific legitimate 
fertility rates for Sweden for the next two quinquennial periods. It will 
be interesting to see how far these figures will be verified by the actual 
facts. 

Table X.—Calculated Future Specific Legitimate Fertility 
Rates, Sweden. 


Age-groups. 

1936-40. 

1941-45 

20-25 

223 

190 

25-30 

155 

125 

30-35 

107 

81 

35-40 

64 

46 

40-45 

27 

15 

45-50 

2 

0 


The exceptional course of the 15-20 group, omitted from Table X, adds 
to the uncertainties of prediction. Like the older age-groups, this young 
group has a relatively small effect on the total fertility, so that an approxi¬ 
mate estimate is not likely to introduce any very large error as far as 
prediction of the total birth-rate is concerned. In passing, reference may 
be made to the somewhat similar situation which was found in connection 
with the death-rates. In that case the infantile mortality deviated from 
the general diagonal law in much the same way as the fertility of the group 
15-20 does in the birth-rate tables. The analogy is, of course, a purely 
formal one, but is perhaps sufficiently curious to deserve notice. 

Specific Legitimate Fertility Rates in England and Wales, 

The data required for calculating the specific fertility rates for Great 
Britain do not exist, and, as far as the past is concerned, the loss is irremedi¬ 
able. Any attempt to arrive at estimates of what these rates actually 
were must depend in some degree on conjecture and analogy, and, at best, 
only an approximation to the facts can be hoped for. Indeed, it is only 

P.R.S.E.—vox.. LVm, 1937-38, PART I. 5 
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the urgency of shedding all possible light on the spectacular fall in the 
birth-rate which justifies any attempt to reconstruct a table of fertility 
rates for the last fifty or sixty years. Several authors, for example Rich 
(1934) and Honey (1937), have already made assumptions, usually highly 
speculative, in order to allow them to reach some conclusions as to the 
changes in progress in the specific fertility rates. It is natural to inquire 
whether the new diagonal law may not substantially assist in the solution 
of the problem. There seems to be nothing inherently improbable in the 
assumption that it holds for Britain as well as for the Scandinavian 
countries. It was therefore decided to take this law as the basis of the 
following computation. 

It is first necessary to decide upon a series of standard rates, represent¬ 
ing the fertility before the decline in the birth-rate began. In the case of 
Scotland, the well-known data for the year 1855 are available. In this, 
the first year of the complete registration of births in Scotland, the schedule 
to be filled up required information, inter aliay on the mother^s age, and 
the figures have been fully analysed by Lewis and Lewis (1906) in a 
valuable memoir. The specific legitimate fertility rates for Scotland for 
this year are as follows:— 

Age-groups . 15-20 20-25 25-30 30-35 35-40 40-45 45-50 

Rates . . 511‘2 427*0 366*0 302*4 242*0 113*3 ^8*1 

As one might expect, these rates for Scotland do not dilfer very markedly 
from the standard rates for Denmark and Sweden given above (Tables 
II, IV). It is very probable that the rates for England and Wales 
agreed closely with those for Scotland. One simple test may be applied. 
The numbers of married women in quinquennial age-groups for the 
census years 1851, 1861, and 1871 are known, and so the total numbers of 
legitimate births may be calculated corresponding to any particular set of 
fertility rates. The Scottish fertility rates, applied to the English married 
women, give the following results:— 

England and Wales. 


Census 

Years. 

Legitimate Births 
Observed. 

Legitimate Births 
Calculated from 
Scottish Fertility 
Rates, 1855. 

Ratio; 

Observed 

Calculated. 

1851 

573,865 

582,039 

0*9860 

1861 

652,249 

673 »S 00 

0*9684 

1871 

752,653 

759 » 0 S 3 

0*9916 


The mean ratio of observed to calculated births is 0-9820. (It should be 
remarked that the Scottish rates refer to confinements, not children bom, 
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so that the calculated numbers of births should be increased by about 
I % to allow for multiple births; but for the present purpose this point 
is not of great importance.) In the light of the above it seemed justifiable 
to choose, as standard for England and Wales, the rates obtained from 
the Scottish figures by multiplying each by 0’982. These modified rates 
are as follows;— 

Age-groups . 15-20 20-25 25-30 30-35 35-40 40-45 45-50 

Rates . , 502 419 359 297 238 III 18 

Finally, it is necessary to decide through what points the diagonals 
are to run. The definite facts of observation, which the scheme must 
agree with, are the numbers of total legitimate births as observed in the 
census years. (It is only in the census years that the numbers of married 
women in the various age-groups are known, and these numbers are 
necessary for the calculation of the total legitimate births from the specific 
legitimate fertility rates.) This alone is insufficient to fix the position of 
the diagonals without some knowledge of the relationship between them. 
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The various diagonals are each characterised by one figure, namely, the 
average of the relative fertility rates along the diagonah For any 
particular age-group the various calendar years are each characterised 
by the value of the diagonal which passes through that year. If these 
characteristic values are plotted against the corresponding years at which 
the periods are centred, the points are found to lie, to a first approximation, 
along a straight line. It is obvious that the result will be independent of 
the particular age-group chosen. Fig. i shows the lines obtained for 
Sweden and Denmark. 

If this linear relationship be taken as substantially correct, then the 
whole set of diagonals for any one country depends on only two constants, 
namely, those which, for any specific age-group, define this linear relation¬ 
ship. The problem is, then, to find the two constants which best fit the 
recorded numbers of births. 

One minor difficulty remains. We have already seen that in Sweden 
and Denmark, and indeed in every country studied, the fertility of mothers 
under twenty follows an abnormal course. Fortunately, owing to the 
small number of married women in this age-group, the total number of 
births derived from it is relatively small, and it is sufficient to make a 
rough allowance for its contribution to the total births. We have there¬ 
fore assumed that in England and Wales it has remained constant at its 
standard rate—an assumption certainly not true, but, in all probability, 
sufficiently accurate not to interfere seriously with the calculation of the 
other fertility rates. 

Table XL—Calculated Relative Specific Legitimate Fertility Rates, 

England and Wales. 


Age- 

groups. 

Standard 

Period. 

1881. 

1891. 

1 

1 1901, 

1911. 

1921. 

1931- 

1941. 

1951- 

I 5*^20 

100 

100 

i 100 

100 

100 

100 

100 

100 

100 

20^25 

100 

100 

' 100 

95*5 

82-5 

69-5 

56*5 

43*5 

30*5 

25-30 

100 

100 

100 

89 

76 

63 

50 

37 

24 

30-35 

100 

100 

9 S-S 

82*5 

69*5 

56*5 

43‘5 

30*5 

* 7*5 

35-40 

100 

100 

89 

76 

63 

50 

37 

24 

u 

40-45 

100 

95-5 

82-5 

69*5 

565 

43*5 

30-5 

17*5 

4*5 

45-50 

100 

89 1 

76 

63 

50 

37 

24 

II 

0 


The method adopted to obtain the two constants was one of trial and 
error. In this way it was found that diagonals, spaced at distances of 
bir%, and having the locations indicated in Table XI, best accounted for 
the observed numbers of legitimate births in the census years from i88i 
to 1931, excluding 1921 when the conditions were quite abnormal. The 
calculated specific legitimate fertility rates are then as given in Table XII, 
and the births, obtained by applying these rates to the observed numbers 
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of married women in the appropriate age-groups, are shown in Table XIII, 
The observed numbers are given for comparison. 


Table XII, —Calculated Specific Legitimate Fertility Rates, 
England and Wales. 


Age- 

groups. 

Standard 

Period. 

1881. 

1891. 1 

1. 

! 

1901. 

1911. 

1921. 

1931. 

1941. 

I 9 S«- 

15-20 

502 

502 

502 

502 

502 

502 

502 

502 

502 

20-25 1 

419 

419 

1 419 

400 

346 

291 

237 

182 

128 

25-30 

359 

359 

359 

320 

273 

226 

180 

133 

86 

30-35 

297 

297 

284 

245 

206 

168 

129 

91 

52 

35“40 

238 

238 

212 

181 

150 

119 

88 

57 

26 

40-45 

III 

106 

92 

77 

63 

48 

34 

19 

5 

45“50 

18 

16 

1 

M 

II ^ 

9 

7 

4 

2 

0 


Table XIII.— Comparison ok Observed and Calculated Legitimate Births. 


Census Year. 

Observed. 

Calculated. 

Percentage Error. 

1881 

840,522 

837,163 

- 0*40 

1891 

875.376 

878,881 

•f 0 40 

1901 

893,608 

905,967 

•f U38 

1911 

843.505 

831.195 

- 1*46 

1921 

810,196 

721,323 

- 10*97 

1931 

603,995 

602,331 

- 0*28 


Tables XI and XII have been extended to include the years 1941 and 
1951. It will be of interest to discover in due course how closely these pre¬ 
dictions agree with the facts. 

Fig. 2 gives the observed yearly numbers of births from 1851 onwards. 
The continuous line is drawn through the calculated points for the census 
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years 1851^ 1861, etc., up to 1931. It must be remembered that, apart 
from the census years, the actual numbers of married women in the 
various age-groups are not known. In reality, they vary somewhat from 
year to year, and allowance for this variation is not possible in the inter¬ 
census years. Part of the deviation of the observed from the calculated 
for these years is doubtless due to this cause. The large disturbance 
during and after the War is evident, and it is clear that this effect accounts 
for the considerable discrepancy in 1921. 

The fertility rates in Table XII are admittedly based on somewhat 
hypothetical assumptions, but one direct test may be applied. It happens 
that in 1921 and 1931 the Registrar-General for England and Wales, on 
the basis of the censuses for these years, attempted to deduce the fertility 
rates. The deduction of these rates from the census data involves certain 
assumptions not altogether beyond criticism, but they are the best direct 
estimates available. Actually, the Registrar-General issued two estimates 
for 1921, one in 1922, and a revised version ten years later. These estimates 
for 1921 and 1931 are given in Table XIV. 


Table XIV,— Comparison of Specific Legitimate Fertility Rates as calcu¬ 
lated BY THE Registrar-General (1921 and 1931) and as deduced in the 
Present Investigation. 


Age- 

groups. 

Registrar- 

General, 

1931- 

Estimated 
Rates as 

1 in Table 
XII, 1931. 

Percentage 

Divergence. 

Registrar- 

General, 

1921 

{issued 

XQ 32 ). 

Registrar- 

General, 

1921 

{issued 

Percentage 

Divergence. 

20-25 

267 

237 

- II 

359 

334 

+ 7 

25-30 1 

187 

180 

- 4 

268 

260 

+ 3 

30-35 

127 

129 * 

+ 2 

197 

1 X94 

+ 2 

35“40 

8] 

88 

+ 9 

X31 

' 130 

+ I 

40-45 

33 

34 

+ 3 

32 

56 

“43 


It will be seen that the discrepancies between the Registrar-General's 
estimates for 1931 and our own are of the same order as those between 
the two official estimates for 1921. 

Another method of obtaining an approximate idea of the error likely 
to affect the estimates of the specific legitimate fertility rates given in 
Table XII is to apply the same procedure, based on the diagonal law and 
on the assumption of the linear relationship between successive diagonal 
values, to Sweden or Denmark. When this is done for Sweden the 
discrepancies between the calculated and observed values are found to 
vary from - 9% to + 16% of the actual, 30 out of 45 lying between -5% 
and "+*5%. The mean error (irrespective of sign) is 4'6%, and the root 
mean square error, 5*9%. Sweden, of course, is one of the countries in 
which we have found by our analysis that the diagonal law approximately 
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holds; but when this agreement of observed and calculated is taken in 
conjunction with the range of the discrepancies shown in column 4, 
Table XIII, it is reasonable to conclude that the mean error involved in 
Table XII is probably of the order of 5%, 

Summary. 

1. The method of analysis previously applied to the specific mortality 
rates of England and Wales, Scotland, and Sweden, has been applied to 
the specific fertility rates of Sweden, Denmark, and Finland. When, in 
any country, the specific fertility rates for any age-group (except those for 
15-20) are expressed as percentages of the standard specific fertility rate 
for the same age-group (the standard rate referring to a period preceding 
the general fall in the birth-rate) the resulting percentages exhibit certain 
regularities, briefly described as conformation to a diagonal law. This 
law holds, approximately, both for the specific total fertility rates and for 
the specific legitimate fertility rates, except that in the former case the age- 
group 20-25 is somewhat exceptional, as well as the age-group 15-20. 

2. The decline in fertility first influenced the older age-groups, and then 
gradually affected the younger w^omen, the wave of reduction proceeding 
down the age-groups at the average rate of one year of age per calendar 
year. In the case of mortality rates the change was found to be the same 
in velocity, but opposite in direction - that is, the wave was associated 
throughout life with one and the same group of individuals. 

3. The statistics for Norway and France, though less complete, reveal 
similar tendencies. In Finland, during and immediately after the War, 
and in France, during the War and in the post-War years, definite devia¬ 
tions from the diagonal law are observed. 

4. On the basis of the diagonal law and certain other plausible approxi¬ 
mate assumptions, estimates have been arrived af of the fertility rates 
in England and Wales for 1871 onwards. It is emphasised that these 
estimates are, at best, only approximate. They show a reasonable agree¬ 
ment with the Registrar-Generars estimates based on the 1931 census 
figures. 

We wish to express our thanks to Dr Methorst, Director of the Inter¬ 
national Institute of Statistics, The Hague, and to the authorities in the 
Department of Statistics, Copenhagen, the Central Bureau of Statistics, 
Helsinki, and the Central Bureau of Statistics, Stockholm, for helping 
us to obtain the fundamental data required in the above investigation. 
We are especially indebted to Mr A. McKinlay, Staff Officer in the 
Registrar-Generars Office, Edinburgh, for much valuable assistance. 
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VI.— The Sex Ratio of the Domestic Fowl and its Bearing 
upon the Sex-linked Lethal Theory of Differential 
Mortality. By Professor F. A. E. Crew, M.D., D.Sc., 
Institute of Animal Genetics, University of Edinburgh. 

(MS. received November 19, 1937. Read November 8, 1937.) 

Of the explanations advanced in respect of the observed inequality in 
the viability and longevity of the sexes in man, the sex-linked lethal 
theory advocated by Lenz (1923), Gunther (1923), Geiser (1924-5), 
Huxley (1924), Schirmer (1929), amongst others, has attracted most 
support. One reason for this is undoubtedly that it is a genetic theory 
promulgated at a time when biological thought was being profoundly 
influenced by the many spectacular discoveries which had been made in 
this particular science. 

The action of sex-linked lethal genes is so dramatic in those instances 
in which their presence has been disclosed that it was but inevitable that 
their aid should be invoked also to explain the lesser viability of the 
heterogametic sex in other forms, even though in these such genes had 
not been identified. Furthermore, this theory had always assumed, in 
advance of ascertained knowledge, that it would be found on examination 
in the case of birds and moths, forms in which the female is the hetero¬ 
gametic sex, that the female would prove to be more fragile and less 
viable, to suffer more easily and more severely when exposed to unfavour¬ 
able conditions, and to be removed from the population at most, if not at 
all, ages in relatively greater numbers. 

If in those forms with male heterogamety it is the male, and in those 
with female heterogamety it is the female, that is less viable and particu¬ 
larly if in the former group the sex ratio swings from high to low and in 
the latter from low to high, then the sex-linked lethal theory must become 
unassailable. It is very necessary, therefore, that all reliable information 
concerning prenatal death, the secondary sex ratio and postnatal death 
in as many forms as possible, and especially in birds and moths, should 
be collected and made available until the whole question has been finally 
decided. 

There is an abundant literature on the sex ratio of the fowl, and much 
of this has been summarised by Landauer and Landauer (193 0 and by 
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Byerley and Jull (1935), between whom there is serious disagreement. 
The figures that these investigators gave are as follows :— 



Per cent. Males. 

Deviation from 

Deviation 

1 

SO per cent. 

P.E. 

Sex ratio amongst 24,853 
dead embryos. 

47-85 

(Byerley and Jull) 

-2-15 ±0*21 

10*2 

Sex ratio amongst 67,993 
live-born chicks. 

' 48*77 

1 (Landauer and Landauer) 

-1*23 it 0-13 

9‘5 

Sex ratio amongst 96,008 
live-born chicks. 

I 49*17 

(Byerley and Jull) 

■“0-83 d:0*II 

7*6 

Sex ratio amongst those 
dying during the first eight 
weeks of postnatal life. 

52*7 

(Landauer and Landauer) 

+ 27 



Landauer and Landauer expressed the opinion that if any differential 
mortality during embryonic development occurs it is the male that suffers 
more, that there is a slight excess of females at hatching, and that more 
males than females die in the early weeks of postnatal life. Byerley and 
Jull, on the other hand, presented the view that if and when there is apy 
differential mortality between the sexes more females than males die 
before hatching, that there is a slight preponderance of females amongst 
the live-born; they could find no evidence whatsoever of any differential 
postnatal mortality between the sexes. They look upon their figures as 
supporting the sex-linked lethal theory, whilst Landauer and Landauer, 
as also MacArthur and Baillie (1932), were of the opinion that theirs 
did not. When such competent and trustworthy observers as these 
disagree amongst themselves concerning such matters, this in itself is 
sufficient reason for further investigation. 

Jull (1931) pointed out that there are significant differences in the 
secondary sex ratio for the fowl as reported by different investigators, 
whilst Callenbach (1929), and especially Byerley and Jull (193S), have 
shown that there are equally significant differences in the secondary 
sex ratio in different breeds. For example, they found that the sex 
ratio of their Rhode Island Reds was 52*6 ± 0*38 (P.E.) per cent, males, 
whereas that of their White Leghorns was only 48'2 ± 0*34 (P.E.). In 
view of these observations it became very desirable that the secondary 
sex ratio of as many different breeds as possible should be studied. It is 
probably quite wrong to speak of breed in this connection, for the term 
can have no real significance. ‘‘Breed” should always be interpreted 
as meaning “stock” or “strain.” 

In this country as elsewhere there is an enormously large industry 
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concerned with the production and sale of day-old chicks of known sex. 
The methods of sex recognition employed in these commercial under¬ 
takings are: (i) the sex-linked, popularised through the pioneer work of 
Punnett; and (2) the Japanese. 

The first makes use of the fact that certain plumage-colour characters 
in the fowl are sex-linked in their mode of inheritance. The commonest 
mating is that of a **gold** cock {e.g. Rhode Island Red) with **silver*' 
hens (pg. White Wyandottes or Light Sussex). The male offspring of 
these matings are white in the down colour, the females buff, and so the 
two are easily distinguished amongst the newly hatched. The Japanese 
method, which can be used also for sex recognition in pure breeds, is. 
based upon the fact that the size (and in certain breeds and varieties the 
degree of pigmentation also) of the cloacal papilla are greater in the male 
than in the female. This method has been very largely exploited in 
Japan, where there are organised schools for the training of experts 
from whom is demanded an accuracy of at least 98 per cent., confirmed 
by dissection. At the present time there are in this country a number of 
such Japanese experts who are paid at the rate of so much for every chick 
that is sexed. 

Wishing to obtain information of a magnitude that only the largest 
commercial firms could possibly supply, I turned to Messrs Thornber 
Bros, of Mytholmroyd, Yorkshire, and to Mr W. D. Evans of the Kib- 
worth Hatchery, Leicestershire, Thanks to their interest and great 
kindness I have been permitted to examine their hatching records for the 
past season. 

Those from Messrs Thornber Bros, deal only with two sex-linked 
crosses, and the identification of sex was made solely on the basis of 
down-colour differences (Table I). 

From the same firm I obtained as a free gift and at considerable 
trouble to the donors, ten thousand incubated eggs, from the same mating, 
which had failed to hatch. From these I obtained 8565 dead-in-shell 
of a size that permitted their sex to be recognised by reference to down 
colour and by dissection (Table II). 

All these ratios are very near equality, and as far as they go the 
figures seem to show that there is little, if any, sexually selective mortality 
in these stocks. If there is any, then apparently it is the male that is 
removed thereby. If there is but little prenatal sexually selective mor¬ 
tality then on general grounds (Crew, 1937), it is not to be expected that 
the secondary sex ratio would be far removed from equality. The figures 
for the secondary sex ratio in the stocks show that there is a slight but 
commonly a significant preponderance of males among the live-born. 
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It is interesting to note that the sex ratio amongst the dead-bom and 
for the live-born progeny of these matings differ in the degree of their 
differentiation from the i : I ratio. A significant deviation amongst the 
dead-born is associated with a differentiation that is not significant amongst 
the live-born of the same matings and vice versa, A considerable number 


Table L 


Parental Stock. 

! 

, Total 

Total 

Percentage 

Deviation 
from 50 
per cent. 

Deviation 

! Live-bom. 

Males. 

Males. 

S.E. 

White Wyandotte hens \ 

X 1 i 

346.874 

173.688 

50*07 

f + 0-071 
ld:0‘08J 

f f 0*891 
\ ±0*I2j 

[ 

< I 

Rhode Island Red cocks * 
Light Sussex hens 'i i 

X \ 

169,102 

86,052 

50-89 

[ 

7*4 

Rhode Island Red cocks j 






Totals , 

1 

515.976 

259,740 

50*34 

f +0‘34l 
1 ±o-o7j 


4*9 


Table II. 


Parental Stock. 


Total 

Total 

Percentage 

Deviation 
from 50 
per cent. 

Deviation 


Chicks. 

Males. 

Males. 

S.E. 

White Wyandotte hens 1 


5707 

2936 

51*45 

/-^P45\ 
t ± 0*66/ 

f +0-2l\ 

2*2 

Rhode Island Red cocksJ 
Light Sussex hens 'i 

X 

1 

1 

1 

2858 

1435 

50-21 

< I 

Rhode Island Red cocks J 

1 

\ ±0*93/ 


Totals . 

_j 

856s 

4371 

51*03 

l±o-S4/ 

1-9 


of pens were involved in the parentage of these chicks, and consequently 
it does not follow that the live-born and the dead-born were derived from 
the same birds. Furthermore, the figures for the live-born and the dead- 
born respectively were obtained at different seasons of the year. Pos¬ 
sibly in these facts is to be found the explanation of this somewhat puzzling 
difference. 

Sex identification by reference to such sex-linked plumage-colour 
characters is both simple and exceedingly accurate, but I am not at all 
sure that the “Japanese” method yields results which can be accepted 
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equally easily. It is true that the experts concerned are expected to be 
right in not less than 98 per cent, of instances. It may be assumed that 
in any doubtful case the chick is more likely to be classified as a male 
than as a female, since the demand is for day-old chicks guaranteed to be 
females. The figures for the sex ratio in the following Table (III) may 
therefore be somewhat inaccurate. The records in Table III are given 
because they are so very numerous and because, even when allowance 
has been made for possible inaccuracy, they still support the conclusions 
derived from the records in Table 1 . 


Table III.— Live-born. 


Parental Stock. 

Total 

Total 

Percentage 

Deviation 
from 50 

Deviation 

Chicks. 

Males. 

Mules. 

S.E. 


per cent. 

Rhode Island Red 

7 56'294 

392-832 

51-94 

f + 1-941 

1 ±0-06/ 

32-3 

Light Sussex 

1 168,425 

87,508 

51-96 

1 + 1-961 
\ ±0-12/ 

16-3 

Light Sussex \ 

299,272 

153,00* 

51-13 

|-fi-.3| 

12*6 

Rhode Island RedJ 


1 i 0 * 09 ; 


White Leghorn 
White Leghorn ) 

137.609 

69,617 

50'59 

/ + 0-591 

\±o-i3/ 

1 + 1-141 

\±o-o8/ 

4*5 


363.224 

185,737 

51*14 

14'3 

Rhode Island RedJ 



1 

White Wyandotte 

99.485 

53.539 

op 

/ + 3-821 
\±o-i6/ 

23.9 

White Wyandotte) 


177,158 




X [ 

3 S 3 .S 3 I 

50-11 

{±0-08/ 

1*4 

Rhode Island RedJ 





Black Leghorn 

3.453 

1.774 

51-38 

/-h-381 

1+0-85/ 

1-6 

Mixed 

34.758 

17.445 

50-19 

/ +0-191 
1+0-27/ 

< I 

Totals 

2,216,051 

1,138,611 

5 * 38 

/-H -381 
\ ±0-03/ 

46 


From the Kibworth Hatchery I obtained the original records for the 
seasons 1935-6 and 1936-7, each sheet of which was signed by the parti¬ 
cular Japanese expert concerned. The recognition of sex in the majority 
of the stocks was based solely on an appreciation of the relative size (and 
degree of pigmentation) of the cloacal papilla. It will be seen (Table III) 
that the differentiation from the i : i ratio in five out of the nine progenies 
is highly significant, and that in every case without exception there either 
is, or possibly is, a real excess of males. The fact that all these progenies 
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show a male preponderance points directly to the conclusion that in these 
figures in themselves there is no support whatsoever for the sex-linked 
lethal theory. It is to be noted also that the sex ratio varies from stock to 
stock, ranging from the 53*82 of the White Wyandotte to the 50*11 of the 
cross-bred White Wyandotte x Rhode Island Red. This observation is a 
confirmation of the conclusions of Callenbach, and of Byerley and Jull, 
and makes it probable that the differences in the secondary sex ratio as 
reported by different observers have no other meaning than that different 
observers have used different materials. Another point of interest is to 
be found in the fact that though the sex ratio of the cross-bred progeny 
of White Wyandotte hens x Rhode Island Red cocks shows no significant 
deviation from the i : i ratio, the deviation is highly significant in both of 
the parent stocks. In this observation perhaps lies a certain support for 
the idea that there are specific sex ratio genes in the fowl, as in other 
forms, which in their action influence the functioning of the heterogametic 
mechanism, leading to the production of the X- and Y-bearing gametes 
in unequal numbers, and that hybridisation can yield in the offspring a 
genotype which, in respect of these sex ratio genes, is different from that of 
either of the parental stocks (Crew, 1937). 

The sex-linked lethal theory finds no support in the fact that of the 
dozen lethal genes that have been so far recognised in the fowl (Eaton, 
1937) only one—recessive white, found in a White Leghorn stock by 
Upp and Waters (193$)—is sex-linked. The fowl is so extensively used 
as experimental genetical material that surely had there been many 
sex-linked lethals, more than one would have been identified. 

SUMMAKY. 

1. The sex ratio among 8565 dead-in-shell and among 515,976 live- 
born sex-linked*’ chicks together with that among 2,216,051 live-born, 
"sexed” by the Japanese method, offer no support for the sex-linked 
lethal theory which demands that the heterogametic female shall be less 
viable than the male. 

2. Different “breeds” yield different secondary sex ratios, and in this 
fact probably lies the explanation of the different results obtained by 
different investigators. 
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A. Introduction. 

The cellular processes of ovulation, maturation and fertilisation of the 
ovum in the albino mouse have been the subject of repeated and exact 
studies, and are now sufficiently well known. The biological phenomena 
of propagation in the mouse, i.e. the sexual cycle, oestrus, and copulation, 
have likewise been described in detail, but our knowledge concerning the 
period of gestation and the moment of parturition is still very inadequate. 

In my attempts to master the technique of artificial insemination in 
the mouse it was found that this will be successful only if we have an 
exact knowledge of the different phenomena from copulation to parturition. 
It therefore appeared important to collect new data, firstly, on the appear¬ 
ance of the vaginal plug as a reliable sign of a preceding mating; In 
this connection the still open question, whether a conception is possible 
at each oestrum, could be elucidated. Secondly, new observations 
had to be made on the appearance of blood in the vagina during 
pregnancy. Thirdly, the variation in the weight of the ?9 during the 
different phases of pregnancy had to be accurately determined. The 
knowledge of these facts as well as their time relationship enabled us to 
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predict with some degree of certainty at what time a birth is to be expected. 
But in order that artificial insemination may be successful it is not 
sufficient to estimate the time of birth only within 12-24 hr., and a record¬ 
ing apparatus had to be constructed which would give the time of birth 
to the hour. Such an apparatus allows us, amongst other things, to 
determine how the times of birth are distributed throughout the day. 
In'Connection with the observation of the time of the birth-act it appeared 
desirable to collect data on in how far the litters before and after birth 
are alike, and in what way the size of the litters varies in the different 
months. 

I am greatly indebted to Professor F. A. E. Crew for his help arid 
courtesy. I also wish to thank Dr J. M. Robson for calling my attention 
to several relevant papers. 

B. Observations during Pregnancy. 

1. The Vaginal Plug. —The plug found after successful copulation 
in the vagina of the $, if it reaches the external orifice, is easily recognised; 
an inner plug which does not come to the surface will have to be probed. 
In some cases the inner plug will only just cover the orifice of the cervix 
and often will be difficult to recognise. According to Sobotta, the plug 
is extruded at the earliest in 20 hr., at the latest in 30 hr. after mating; 
if the $$ are examined only once in 24 hr., the plug may have disappeared. 
As the observation of the plug is the best starting-point for calculating the 
time of birth, it is advisable to examine the ?? twice in 24 hr. 

Generally the sexual cycle of the ?? recurs every 4 days, and con¬ 
sequently the %% will mate after a period of 4 days; this was the case 
in nearly all the pregnant $?. From this it may be stated that the 
sexual cycle in my stock occurred very regularly; according to my notes 
this took place with the same regularity in April-June as in December- 
February. Occasionally, especially in younger 9 ?, a plug can be found 
twice in the course of 4 days; in such cases no fertilisation seems to have 
occurred after the ist plug or else the developing ova have perished owing 
to new ovulation, but in any case the day of birth is determined by the 
second plug* 

2. The Placental Sign. —Long and Evans have found that in rats 
blood can be detected in the vagina from the beginning of the 3rd week 
of gestation. Parkes (1926) found the same placental sign,*' as it has 
been called by Long and Evans, in mice. He states that it appears on 
about the 12th day of pregnancy, but does not give any details. It might 
be of interest to give further information on this subject. The amount 
of blood found in the vagina varies very much, but the bleeding appears 
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with great regularity and can be demonstrated macroscopically (by 
introducing the probe end and taking the smear on filter paper). 
37 amongst 44 ?? showed bleeding first between the 8th and 6th day 
before parturition, i.e. on the U“i3th dajr of pregnancy; in 24 cases this 



Fig. I. —Curves of the absolute weight increase of 3 during pregnancy. 

occurred on the 7th day. In 7 cases only bleeding took place earlier than 
8 days before parturition (5 instances), or less than 6 days ‘(2 instances). 
Although the calculation of birth by observation of the plug is more 
exact, the placental sign is rather important if no plug has been found, 
or if its presence was uncertain. In such cases it is advisable to examine 
the vaginal contents if sufficient time has passed after a possible copulation 
and when a first enlargement of the body is noticed. 
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3* The Increase in Weight during Pregnancy .—During the first 3^ 
days the developing ova pass through the oviducts, and implantation 
occurs only at about the end of the 5th day; an increase in weight there¬ 
fore can be expected only when the preparatory changes in the uterus 
have begun. The increase in weight observed during the first 8 days, 
on the average of 1-2 g., occurs chiefly during the 2nd part of this period. 
The accelerated growth of the placentae and the developing embryos 
during the following period, beginning with the 9th and ending with the 
12th day inclusive, is expressed by a greater increase of weight, i.e, 
3 ~'S From the 13th to the i8th day growth rate is highest, the weight 
of the ¥ increasing from 6 g. to 13^ g., according to the size of the litter, 
which means a daily increase of 2 g. or more. The 3 curves of weight 
in fig. I demonstrate the actual observed increase in 3 pregnant ¥¥; to 
permit comparison, all curves are based on the absolute weight 
increase. 

A ¥ can thus nearly double her weight during pregnancy, though this 
will only be the case for ¥9 pregnant for the ist or 2nd time and weighing 
^8-23 g. Older ¥9 in my stock which had been pregnant several times 
weighed 26-31 g. when non-pregnant and not more than 46-48 g. during 
pregnancy. 

The knowledge of the variation in the weight increase during the 
different periods of pregnancy provides us with another method of finding 
out whether a mouse has been fertilised and how far pregnancy has 
advanced—namely, by weighing on different days. 

C. The Time of Parturition. 

4. A Self-recording Balance for determining the Hour of Parturition, 
—There arc two spheres in the biology of reproduction of the mouse 
where it may be desirable to know the moment of parturition as exactly 
as possible. As the ¥9 come on heat during the first 24 hr. after parturi¬ 
tion, and therefore can be fertilised during this time, it may be important 
to know on the average how many hours after parturition ovulation occurs, 
and to find out during which period fertilisation may take place. The 
knowledge of these processes and possibilities is the necessary prerequisite 
for successful artificial insemination, which will be referred to in a follow¬ 
ing publication. 

Secondly, an exact knowledge of the hour of parturition is necessary 
if it is desired to establish whether, for instance, there exists a relationship 
between the duration of gestation and the number of young, or how the 
births are distributed throughout the day. 
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If dealing with a fairly large material, it is impossible to state by 
direct observation the hour of parturition for each single and it will 
be necessary to use an apparatus which will register this process auto- 
matically» Most of the authors were satisfied with examining all the 
cages every morning, and where they found fresh litters they assumed 
that birth had taken place during the night. We shall see later that this 
is by no means the case. 

It is obvious that for such a self-recording apparatus a balance with 
lever-arms of different length should be fitted, as, for instance, the old 



Fig. 2,—Two self-recording balances registering all weight changes on the drum of a 

kymograph. 

letter-balance. The following change had to be introduced in such a 
letter-balance. Instead of the letter pan there is a cage-bottom made 
of a tin sheet 20 cm, square bordered by a vertical tin strip about 3 cm. 
high. All changes of weight on the floor of the cage are registered by 
a pointer on the drum of a kymograph which is attached to the veftic$il 
stand that supports the floor of the cage. An adjustment must be made 
on the other lever-arm which carries the weight for the weight to slide 
on the scale beam. The shorter beam carrying the cage-bottom must 
be slightly raised before the pregnant mouse (weighing 33^45 g.) is placed 
into the cage. The remaining parts of the cage, 1.^. the sides and the top, 
are held by 4 supports, which are fixed on a square base and are immovable 
while the cage-bottom swings up and down (fig. a). The space beitWe^ 
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the bottom and the sides must be only a few mm., to prevent the mouse 
from escaping. The almost horizontal position of the shorter Icver-arm, 
as described above, is therefore desirable, because the lateral displacement 
of the floor during lifting and lowering of the cage-bottom is reduced 
to a minimum. 

Only in this way will changes in weight be clearly registered on the 
kymograph by lines which are traced at right-angles. A small tin tray 
is fixed along one side of the cage about 5 cm. above the lower border. 
This carries the bowls for food and milk, fixed so that they cannot be 
dragged to the cage-bottom. At first, when they were fixed higher, some 
mice were afraid to step on to the tray, because they could not get to it in 
one leap from the swinging bottom. In order to diminish the swaying 
motion of the floor when the animals are leaving or returning, the follow¬ 
ing adjustment was made. A curved metal strip with a longitudinal slit 
was attached to the supporter on the side of the beam carrying the 
weight, and two screws were fixed in this slit in such a way that one 
corresponded to the loaded, the other to the unloaded, position of the 
balance. This arrangement renders the graph clearer, because all lines 
beyond the stops are eliminated in passing from one equilibrium to the 
other. In one corner of the cage-floor there is a little open tin box filled 
with loose wool; it was regularly used for nest-building. 

Subsequently the letter-balance was discarded, and instead an exact 
w^ghing apparatus was used. This was mounted on a base in such a 
way that the rod carrying the cage-floor was exactly at the point of inter¬ 
section of the two diagonals connecting the 4 cage-supports. 

S* The Records of the Balance and their Interpretation. —The 
following changes in weight can be observed from the curve on the 
drum of the kymograph, (i) The difference in weight of the pregnant 
mouse on the floor of the cage or away from it, i*e* the curve shows a rise 
for the time when the 9 is on the feeding tray or runs about along the 
walls of the cage. (2) After the mouse has littered, the weight of the 
litter on the floor of the cage is recorded continuously even if the mother 
is not there. Consequently the curve now rises less than before parturi¬ 
tion; but every time the mother leaves, the pointer at the first movement 
will swing beyond the equilibrium, and therefore these curves show on the 
left side of the rectangular curve a vertical line rising above the level 
3)* It may happen that there will be no such line, when the friction 
between the pointer and the drum is a little too great, but nevertheless 
the different height of the rises before and after birth can always be 
fecognisedv Brides these changes in weight, the curve shows the fre¬ 
quency of the absence of the 9 from the cage-bottom, and 
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these time indications are especially important for recording the exact 
time of parturition. 

The curves vary according to the temperament of the mice. Some 
mice stay on the tray for 5 or 10 min. at intervals of about i hr., others 
carry away each single grain, eating it in their nest. Some mice manifest 
the nest-building instinct by an unrest of several hours when the tray is 
visited and left repeatedly. When parturition is approaching, the preg* 
nant ? stays in the nest. It is during this birth pause,” as we will call 
it, which lasts on an average 4-5 hr., that the young are born. Occasion¬ 
ally similar long feeding pauses can be observed without parturition 



Fig. 3. —Kymographic record of the ? during parturition. On the left side rises 
before birth, on the right side after birth. The duration of the ** birth pause has 
been reduced (dotted line). 

taking place, but they can always be recognised. Sometimes a pause 
of several hours may follow after the first food-taking after parturition. 

The birth pause is only partly occupied by the act of birth itself. 
During parturition the mother is eager to devour all the placentae and 
the embryonic membranes, but the pause lasts considerably longer than 
would be necessary for this to take place; this can be explained by the 
mother being exhausted through labour and occupied by cleaning and 
nursing the young ones, and also by the fact that her hunger has been 
appeased for the moment after devouring the placentae. It may happen 
that during this pause one or two of the young are eaten up, though this 
happened relatively seldom in my stock, as I have observed in quite a 
number of ?? by counting the number of implantations in the uterus. 

Among 100 births which have been registered, the average duration of 
a birth pause was found to be 276*8 min., or about 4! hr. In 10 cases 
the pause was under 200 min. (the shortest was 126 min.), and in 9 it 
was over 400 min. It is not quite certain whether the long birth pauses 
may be regarded as equivalent of the others, as it is possible that birth 
may follow after a longer resting pause. Generally parturition begins 
at the latest one hour after the commencement of the pause. If we omit 
the 9 births with over 400 min., the average time for the remaining 91 is 
4J hr. Among the above-mentioned 100 litters, for 41 with a preponder¬ 
ance of <J(J we find an average pause of 290^2 min*; for 12 litters with an 
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equal distribution of the sexes, of 283*8 min.; and for 42 with a pre¬ 
ponderance of $9, of 266*2 min. 

The average duration of the pause for large litters with 10-12 young 
(25 instances) is 268 min., for small litters with 4-6 young (16 instances) 
284 min.—just the contrary of what one would expect. I have the 
impression that if the litter is large, parturition is assisted by the greater 
tension of the body-wall. 

Table I shows records of 33 births grouped according to the duration 
of the birth pause, the size of the litter, the sex-ratio, and the number 


Table I.—The Duration of the “Birth Pause.^’ 


No. 

Serial 

No. 

Hours, 

Minutes. 

Minutes. 

Litter 

Size. 


9 $. 

I.itter 

No. 

Remarks. 

I 

43 ^ 

5 0 

300 

9 

6 

3 

I 


2 


6 56 

416 

4 

3 

X 

III 


3 


5 SO 

350 

10 

3 

7 

IV 


4 

tt 

2 34 

154 

12 

7 

S 

V 

After 10 min, 1st young. 

5 

l 83 

4 0 

240 

11 

5 

6 

IV 

„ 20 „ I young. 

6 

26b 

3 54 

234 

9 

4 

5 

I 

„ 30 „ I young. 

7 


2 24 

144 

12 

5 

4 

.. 

n 30 H beginning. 

8 

49a 

3 4 

184 

9 

5 

6 , I? 

IV 

„ 24 „ I young. 

9 


4 30 

270 

9 

4 

5 

V 


10 

M 

8 14 

494 

7 

3 

4 

VI 


u 

60a 

7 2 

422 

5 

2 

3 

IV 


X 3 

f$ 

3 38 

218 

5 

2 

3 

V 

„ 30 0 4 young. 

13 

2 

3 24 

204 

9 

3 

6 

I 

„ 48 „ 5 young. 

H 


4 40 

280 

10 

3 , 

7 

I 


15 


4 6 

246 

9 

3 

6 

II 


16 

ft 

3 ^^4 

204 

5 

2 i 

3 

III 


*7 

tt 

7 42 

462 

10 

6 

4 

IV 


18 i 

It 

4 50 

290 

9 

7 

2 

.. 

.. SS .. 6 young. 

*9 

ft 

5 20 

320 

8 

i 4 

4 



20 

51^ 

6 0 

360 

8 

1 3 

5 

II 

After 102 min. all young 









present. 

21 

tr 

4 40 

280 

! 10 

8 

2 

in 


22 

it 

7 43 

* 462 

6 

I 

5 

IV 


33 

46a 

4 26 

266 

7 

3 

4 

II 


34 

tf 

4 0 

240 

10 

4 

6 

HI 

After 125 min. 9 young. 

25 

75 ^ 

6 40 

400 

12 

2 

10 

III 



lie 

3 54 

234 

12 

8 

4 

III 

„ 40 „ beginning. 

n 


4 20 

260 

8 

3 

5 

I 

» 45 beginning. 

aS 

17a 

4 0 

240 

8 

5 

2, I? 

V 

After so min. 2, after 75 min. 









4, after 130 min. 6 young. 

29 

$2a 

4 35 

265 

8 

6 

2 

1 


30 

it 

2 45 

165 

11 

7 

4 

11 

After 60 min. no young, after 









95 min. 9 young. 

3 » 

ft 

3 48 

228 

9 

4 

5 

IV 


32 

S8<? 

3 

196 

9 

4 

5 

II 


33 


26 

126 

7 

5 

2 

V 



of the litter. As there is no difficulty in recognising the sex of the new¬ 
born, the few cases in which the sex could not be decided refer to young 
^hich had been partially eaten. 
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The records have been selected so as to compare the most widely 
different litters from the same ?, and to demonstrate whether there exists 
a relation between the duration of pause and the size of litter; no evidence 
has been found for this. For all that, it seemed to me of importance to 
summarise these observations and to mention the findings concerning 
the beginning and duration of parturition in relation to the total birth 
pause. 

The first young may be bom lo min. after the beginning of the pause. 
Usually it appears after about 30 min., at the latest about an hour after 
the beginning of the pause. The second young follows after a shorter 
or longer interval, whilst the remainder generally follow more rapidly. 
In the case of $$ in which parturition is easy, the whole litter may be 
present after half an hoards time, while in others which have difficulties 
the process may last at the maximum 3 hr. All the records of mice 
of my own two stocks, as well as of animals bought from two com¬ 
mercial breeders, agreed in regard to the birth pause and the duration 
of the act of parturition. This fact should be stressed, as my findings 
in this respect are rather different from the observations of Long and 
Mark. On the basis of my own observations during the act of parturition 
and the records of the self-recording balance,** I have determined the 
following time relationship: if the pauses were below 4 hr., the beginning 
of parturition was assumed to occur 30 min. after the beginning of the 
pause; in pauses of 4-6 hr., after 45 min.; in those longer than 6 hr., 
after i hr. In this calculation the difference between the assumed and 
the actual beginning of parturition never amounts to more than 45 min., 
and is generally less. 

6. The Moment of Copulation and the Duration of Pregnancy *—The 
duration of pregnancy in albino mice is generally stated to be 19 days. 
It is difficult to observe the time of mating, as often several hours may 
pass after the sexes have been brought together before the final copulation 
takes place. 

I succeeded in registering exactly the time of the last copulation by 
using a modification of the recording balance. This is possible, because 
after the final copulation no further attempts at mating are undertaken. 
I will not describe this construction here, as the time is known with a 
sufficient degree of accuracy if the sexes are brought together for only 2 hr. 

As is well known, it cannot be assumed with certainty from the appear¬ 
ance of cornified cells in the epithelium of the vagina that an ovulation 
will follow, for the oocytes may become atretic so that not every fertile 
mating need be successful. 1 have a definite impression that the reason 
why in literature atresia is stated to occur so often is that the experimental 
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material was in a poor state of nutrition or had just been procured from 
a commercial breeder. If the interrupted cycles were as frequent as it 
has been stated, then the following results with my stocks over a limited 
space of time would not be possible. Of 90 9? for which all events since 
birth were recorded on cards, during the months of April-August 84 were 
fertilised successfully during the 1st oestrus, after they had been together 
with a (J. Of the 6 remaining ?$, 4 (Nos. 70a, jod^ and 68^) were 
fertilised only during the next fortnight; of these Nos. 7cw, b^ and rfwere 
sisters, and their delayed fertilisation may have a genetical basis. Of 
the 2 remaining 9?, 60^, 6 \ months old, had never had a normal parturi¬ 
tion and had only once aborted, and 66 a was not fertilised during 18 day's, 
although she had produced several litters before. Therefore atresia can 
be assumed only in 2, or at the most in 5 9 ? amongst 90. I do not possess 
sufficiently exact figures for other months of the year, but up to now I 
have the impression that atresia is rare during the cold season if the mice 
are kept in a warm room; it occurs mostly in October, the month which 
corresponds to the end of the original breeding season. Of course, by 
this I do not want to dispute the fact that some of the oocytes in the course 
of maturation may not be expelled and will become atretic and atrophy. 
As the figures given above demonstrate, there is a very good chance that 
a fertile mating will occur during the ist oestrus after the sexes have been 
placed together. More failures are to be expected when they remain 
together for only 2-3 hr., even if the different stages of the oestrous cycle 
can be distinguished exactly by the presence of cornified cells. But if 
99 which have just littered are brought together with a d for only 2 hr. 
during the first 24 hr. after parturition, fertilisation will take place in 
this short space of time. According to Sobotta, this heat period appears 
in the course of the first 24 hr, after parturition, and according to Allen 
between the 6th and the 24th hr. The results of the present investigation 
confirm Alienas findings; once the peak of the heat period has been reached 
it persists for a number of hours. If, therefore, we want to determine the 
exact time of pregnancy it is advisable to use such 9 ?. This has been 
done to get the observations which are shown in Table II, As far as 
copulation was observed directly, the exact time could be inserted in 
tht table ; if this was not the case, half of the 2-hr. period was assumed 
to be the mom^t of copulation. In such instances the letter was 
inserted in the column copulation*’ before the figure, and similarly in 
the column ** duration of pregnancy.” The duration of pregnancy in 
tteae 6 99 shows a deviation of i day and 6 hr., with a mean of 19 days 
and 4 hr. No correlation appears to exist between the duration of preg- 
nfimoyandtlte 
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Table II.—Exact Data on the Duration of Pregnancy, 


Serial 

No. 

Copulation. 
Day. Hour. 

Birth. 

Day. Hour. 

Duration of 
Pregnancy, 

. 

Litter. 

(j<j. 

99. 

Preceding 

Litter. 


99. 

32a 

lO.V 

U.45 p.m. 

29. V 

7.30 p.m. 

18 days 20 hr. 

a 

7 

4 

8 

6 

2 

yic 

18.V 

Cl,00 p.m. 

6.V1 

9.00 a.m. 

18 

,, C20 ,1 

9 

7 

2 

8 

5 

3 

73^ 

17.V 

12.00 noon 

s-y? 

1.00 p.m. 

*9 

„ I ,> 

8 

5 

3 

7 

S 

2 

75« 

23 V 

12.00 noon 

II.VI 

2.00 p.m. 

19 

It 2 ,, 

10 

4 

6 

7 

5 

2 

yjd 

21.V 

r8.2o p.m. 

10. VI 

1.00 a.m. 

19 

t, ^5 tt 

7 

2 

5 

8 

5 

3 

7$a 

2SV 

rii.oo p.m. 

14.V1 

i.oo a.m. 

20 

,, t> 

9 

6 

3 

9 

5 

4 


i 

1 






54 

31 

23 

47 

3» 

z6 


7. The Distribution of Births throughout the Day .—As there may be 
a difference in duration of pregnancy of 1-2 days in either direction, there 
seems to exist no physiological reason for preferring any special time of 
day, although it is quite possible on phylogenetic grounds that originally 
parturition in mice occurred during the night. In literature on albino 
mice, night is given as the time of parturition. 

The results of my observations with the aid of the recording balance' 
show, as demonstrated by fig. 4, that during the time from 8 p.m. to 
8 a.m. the number of parturitions is highest from midnight to 4 a.m., 
and then falls off very rapidly. Gradually a second rise is reached again 
at the time between 4 and 8 p.m,, but surprisingly the number of parturi¬ 
tions decreases again between 8 p.m. and midnight. 164 parturitions 
were recorded. The number of parturitions from 8 p.m. to 8 a.m. and 
that of parturitions between 8 a.m. and 8 p.m. were equal, viz. 81:83. 
The figures for the i2-hr. period in which the 2 maximae were found, viz, 
from 4 p.m. to 4 a.m., as compared with the remaining 12 hr., when the 
numbers of parturitions is lower, give a ratio of 110: 54, or 2: i. The 
decrease between 8 p.m. and midnight, i.e. between the 2 maximae, is 
remarkable; it may be that it would disappear in working with larger 
numbers, or it might be a peculiarity of my stocks. I am not including 
the results with 132 earlier records, as those records were not quite reliable. 

8. The Size of Litter and its Control .—In a former section we have . 
found how great may be the increase in weight of the $? during pregnancy. 
To a certain degree it is possible to deduce the size of the litter from the 
difference between the weight at the beginning and the end of gestatioi^. 
This will always be rather difficult, especially in first litters when the 
young are generally very small. MacDowclI and Lord have proceeded 
to find out, by counting the corpora lutea during the last week of pregnancy, 
how far an agreement exists between the litter size and the number of eggs. 
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expelled at the last ovulation. It is obvious that eggs may perish at the 
time of fertilisation and later on at implantation, and that some may^die 



70 4 AM 4 TO 8 AM 6 TO/2 PM 12 TO 4PM 4 TO 8 PM 8 TO (2 AM 


Time interval. 

Fio. 4 ,—The distribution of parturitions of 164 throughout the day, as recorded by 
the self-recording balance. 

during embryonic development; finally, young may be eaten during the 
parturition. 

In order to determine how many young had disappeared during 
parturition the uteri were examined 18-24 hr. after parturition in a 
number of and the number of implantations compared with the 
number of young found. From the following table (III) it will be gathered 
that the proportion of missing young is small; it amounts to 2 \ per cent, 
In one case 2 ova must have become implanted at the same place. Weight 
records show that it is permissible to conclude that the litter is complete 
only if the difference between the weight of the mother before parturition 
and after parturition plus the weight of the litter is small. Of course the 
weighing was done as soon as possible after parturition, but as these 
observations were made at a time when the recording balance was not 
yet in use, it is possible that some of the might have taken some food 
Wote, though the rather high weight difference between columns I and 
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Table III.—Weight before and after Birth, Number of Implantations, ano 
Number OF Eoos in Oviducts. 



Weight. j 

Litter and Uterus. 

Eggs in Oviducts. 


Female. 1 



Differ- 







No. 




Female 

and 

Litter. 




No. of 
Missing 
Young. 



Before 

Birth. 

After 

Birth. 

Litter. 

ence be¬ 
tween I 
and IV. 

Litter 

Size. 

Right 

Uterus. 

Left 

Uterus. 

Right. 

Left, 


I. 

11 . 

III. 

IV. 

V. 

VI. 

VII, 

VIII. 

IX. 

X. 

XL 

I 

36-4 

27-5 

8-6 

36-1 

0*3 

5 

2 

3 

0 

0 

0 

6 

40'3 

25*5 

117 

37*2 

3 ‘J 

9 

3 

7 

I 

4 

5 

7 

39*9 

29-4 

6-1 

35-5 

4*4 

4 

2 

3 

1 

4 

0 

H 

3«-4 

27*0 1 

9-8 

36*8 

X'6 

7 ! 

4 

3 

0 

5 
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IV does not indicate this. According to the size of the litter, the weight 
of a single young falls on an average from if g. in litters of 5 to about 
1 g. in litters of 12. 

It seemed to me of special interest to compare the number of young 
of a litter with the number of ova expelled during ovulation which follows 
immediately after parturition. For an exact comparison the data in 
columns X and XI require a certain correction, for in 2 mice no eggs 
were found. Both these ?? had just borne two successive litters; in such 
cases the ovulation after the second parturition, according to my experi¬ 
ence, is generally missed, which seems to be a kind of self-protecting 
mechanism. Besides, in mouse 26^ the eggs of one side could not be 
detected on examination. If to the sum of columns X and XI is added 
21, which is about equal to the number of eggs of 2^ ovulations which 
would have existed normally, the resulting sum corresponds with that 
of the columns VII and VIII. From this it follows that the number 
of eggs in the 2 ovulations separated from one another by a period of 
pregnancy is about equal. Table II shows that no significant losses are 
caused in the 2nd litter if the 2 ovulations follow each other. In thii case 
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the total number of young of the ist litter is even lower than that of the 
2nd, and also the 2 litters follow one another immediately. Larger losses 
are therefore not probable, though they might have been expected if the 

after becoming pregnant again had had to nurse the young of the 
1st litter. 

Another result of the table must be noted. If we compare the distri¬ 
bution of implantations in the 2 uterine horns with the distribution of 
eggs in the right and left oviduct, we may observe that if, for instance, 
more embryos have developed in the right horn than in the left, this will 
be compensated for at the following ovulation, as now more eggs will 
be expelled on the left side than on the right. From this it follows that 
(l) the process of maturation in the 2 ovaries is regulated by a higher 
centre, and (2) the 2 ovaries produce during their activity about an equal 
number of eggs. 

Since these investigations had to be carried out without help, the 
number of corpora lutea could not be determined. Consequently, in the 
following figures the mortality of young during gestation is not taken 
into account. In my records, extending over 2^ years, 504 litters with 
3560 young have been recorded. The average litter size is 7*0, a figure 
which may be looked upon as favourable in comparison with the records 
of other authors. If we omit the results of the first 6 months, during which 
my stocks were not yet in good condition, we find an average litter size 
of 7*15. By selecting only those ?? whose litters were all known to me, 
the total number of young was 2244, and the average litter size 7*35. 
The average litter size for all 99 with the same number of litters between 
the 1st and 7th litter was always between 7 and 7*5. The most frequent 
litter size was 8, observed 108 times; 93 litters contained 7 young; litters 
with 11 young were observed nine times, those with 12 four times, and with 
13, which is the maximum, once only. The size of the litters varied in 
the different months from January to June between 7*1 and 7*5, rising 
to 7«8 in June and reaching the peak in August with 8-3. From then 
there was a falling-oflP, the lowest level being 5*6 in November; in December 
there was a renewed increase with 6*2, while in November and December 
the average was below 7. 

D, Discussion and Summary. 

Several workers have investigated the duration of the sexual cycle in 
the albino mouse, and their results may be divided into two groups. 
Some authors, e.g. E. Allen (1922) and Parkes (1926, 1928), have found 
cycles of 4-6 days' duration. In the present investigations also regular 
cycles lasting 4-S days have been observed during most months of the 
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year. Only 7 out of 90 failed to become fertilised during the 4 days 
when they were placed together with the <JcJ, which gives a fertilisation 
rate of over 92 per cent., as compared with 8o*8 per cent, recorded by 
Parkes (1926) in 88 and 80-90 per cent, recorded by Mirskaia and 
Crew (1930). The other group of workers consider the normal duration 
of the cycle to be 9 days. Clauberg states that in the majority of cases 
he found cornified cells in the vaginal smears only at intervals of 9-10 
days, and considers the shorter cycles to be incomplete. This view is 
shared by Tietze, who thinks that the short cycles are abnormal, and may 
be due to external agencies. According to Lewis and Wright (1935) the 
sexual cycle of the mouse varies between 4 and 17 days, and oestrus 
therefore recurs on an average every 9 days. 

These statements show, therefore, that there exist stocks of mice in 
which the oestrous cycle appears as a rule every 4-5 days, and others in 
which the time is 9-10 days; these dilSferences must depend on genetical 
reasons. 

In one respect my observations cannot be compared with those of 
other workers, namely, I did not diagnose oestrum with the aid of the 
vaginal smears but by the ensuing fertilisation. The low percentage 6f 
?¥ which are not fertilised within 4 days seems to show that the presence 
of the <J prevents a prolongation of the oestrous cycle; indeed, the char¬ 
acteristic duration of cycle of the race in question can be established only 
ip this way. In the case of which are kept isolated for a longer time, 
a prolonged cycle must therefore be regarded as the consequence of an 
abnormal condition. It will be well to observe in the future this point 
as well as the appearance of cornified cells in the vaginal smear. In a 
certain opposition to this view is the statement of Parkes (1927), who 
says that oestrus is delayed when the $? are kept continuously with a 
An atresia of all ripening eggs happened in only a small percentage of the 

of my stocks. 

Three different methods have been used in order to predict the time 
of birth with a fair degree of accuracy, (i) The presence of the vaginal 
plug. The should be examined for this twice daily during the first 
4 days after mating. In 75 per cent, of cases parturition occurred in the 
course of the 19th day counting from the time when the plug was found. 
In the majority of other cases it fell on the 20th day, and only in a few 
it took place before the 19th day. (2) As the ? begins to increase in 
size, blood will be found in the vagina; this placental sign'* was first 
observed in the mouse by Parkes (1926). In the present material it was 
observed between the nth and the 13th day of pregnancy, from which 
it follows that the day of parturition may be predicted within a limit 
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of i"2 days. Basse, who has examined the changes in the ? genital tract 
during pregnancy, does not mention it at all. (3) Finally, the characteristic 
course of the weight curve during pregnancy has been used to disclose 
the exact state in which the mouse happens to be. Within the first days 
of pregnancy the 9 has a weight increase of only 1-2 g., from the 9th-i2th 
day, of 3“5 g.; the greatest period of growth is the 13th-18th day, when 
the daily gain in weight may surpass 2 g. On the last day the weight 
increase ceases, as is also stated to be the case for rabbits (Rosahn and 
Green). Cooley and Slonaker found that in rats, in which pregnancy 
lasts on an average 22 days, a sudden rise of weight begins from the 
15th day. 

With the help of the recording balance, constructed after the principle 
of a letter-scale and connected with a kymograph with a 24-hour rotation, 

I succeeded in determining the hour of parturition fairly accurately. The 
approach of parturition is indicated by the birth pause,” which has 
an average duration of 4I hr. Parturition begins hr. after the begin¬ 
ning of the pause. Besides, the ascents of the scale before and after the 
pause differ in height. The apparatus is a much simpler construction 
than that used by Long and Mark, who used a common balance for their 
birth-recording apparatus and were able to state the approximate time 
of birth from the different marks of 2 pointers before and after birth. 
With my apparatus the registration of i pointer was sufficient. Long 
and Mark, who state that they used mice of very mixed ancestry, found 
that the number of births during the time between 2-6 a.m. is double that 
at other times. I was able to establish a maximum between midnight 
and 4 a.m., and a second maximum between 4 and 8 p.m.; fewest births 
took place in the time from 4 a.m. to 4 p.m, 

A comparison between the size of the litter and the number of eggs 
at the ovulation following parturition showed that both numbers were 
nearly the same. As, besides, no regression of the average litter size 
could be established in 2 litters immediately following each other, which 
is in accordance with the statement of MacDowell and Lord, it may be 
concluded that in my stocks the number of dead embryos before birth 
must have been relativdy small. This may also be seen from the follow¬ 
ing; the average litter size of 504 litters observed in 2| yr. was 7*0 (Cope- 
man and Parsons found 67 and Parkes 6’34). MacDowell and Lord, 
who ascertained by an operative method the number of corpora lutea in 
the highly pregnant 9$ and compared them with the number of young, 
found that 39*9 per cent, of the eggs which matured failed to give rise 
to young. By direct observation I established in 17 99 that the percentage 
of young eaten during parturition was only 2*5, as demonstrated by a 
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comparison of the number of the still bloody implantations m the uterus 
with the number of young. The average litter size, calculated for the 
different months, reached a maximum in August with 8*3 and a minimum 
in November with 5*6. 
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VI 11 . —Factors affecting the Hatching Weight of Brown Leghorn 
Chickens. By N. Galpin, D.Sc., Institute of Animal Genetics, 
University of Edinburgh. Communicated by A. W. Green¬ 
wood, D.Sc,, Ph.D. (With Seven Graphs.) 

(M,S. received February 7, 1938. Read November 8, 1937.) 

Introduction. 

Routine observations on the growth of chickens from a flock of Brown 
Leghorns maintained at this Institute indicated that factors, apparently 
closely associated with season of the year, caused considerable variations 
in the rate of growth. It is possible to conceive of two distinct means 
by which seasonal factors may produce their effect (1) directly on the 
growing chick, or (2) indirectly in that their influence may be exerted on 
the hen and transmitted to the egg from which the chick subsequently 
develops; either or both may contribute to the final variations obtained. 

It is to the second postulation that attention has been directed in this 
communication. Since the egg, artificially incubated, develops under 
conditions which are relatively constant, variations in embryonic growth- 
rate may be taken as being mainly referable to factors inherent in the egg. 
After hatching this is no longer true. Hatching weight has been used, 
therefore, as an index of rate of chick growth for the particular phase of 
the general problem under consideration. 

From observations made during the usual hatching season (spring) 
Upp (1928) had noted that the correlation between hatching weight 
and egg weight varied from period to period. In the present study 
similar data derived from the Institute stock for the complete year 
are examined, together with some further records, which, it was hoped, 
might provide a reasonable explanation of the varying dependence of 
hatching weight of chick on egg weight throughout the different seasons. 

Material. 

The data presented were collected in 1936 and 1937. The 1937 records 
were from a planned experiment designed to show that the seasonal 
changes in hatching weight indicated by the earlier observations were 
significant." Those of 1936 were collected by routine observation, and 
could not be considered as critical as the later data. 
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For the planned experiment a pen of thirteen 2- and 3-year*old birds, 
selected for their previous records of good hatchability and fertility, were 
mated to one male, and kept in the same pen throughout the year. Every 
egg laid was weighed and incubated; all the chickens were pedigreed. 
The environment was kept as nearly constant as possible, the incubator— 
an electric Petersime—being housed in a warm room where temperature 
fluctuations certainly occurred, but were considerably less than those of 
the external atmosphere. 

The 1937 data have been presented as the critical data, other figures 
have been included to demonstrate the similarity of the trends for growth 
behaviour from year to year. 

Results. 

Preliminary analysis of data collected during 1936 had indicated that 
hatching weight decreased from the time of onset of reproductive activity 



till the summer, and then increased in the autumn. Table !, with Graph I, 
ihows the seasonal change in hatching weight in 1936 and 1937. The 
193^ data were from a discontinupusly changing parent population, the 
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1937 from the planned experiment. It will be seen that hatching weight 
declines from the time of onset of egg production to be minimum in the 
summer months and then increases slightly in the autumn. Chickens 
have been referred to the month in which the egg was laid and not to the 
month of hatching. 


Table I.—The Seasonal Changes in Hatching Weight in 1936 and 1937. 


Season. 

No. of 

Hatch Wt., 1936. 

No. of 

Hatch Wt., 1937. 

Chicks. 

Ing. 

Chicks. 

Ing. 

J an uary-Feb ruary 

300 

44-86 ± -193 

133 

47‘20 ± ’280 

M arch-April 

566 

43 98 ± -156 

Drop significant. 

239 

45*92 ± *252 
Drop significant. 

May-June , 

271 

43-41 ± -194 

Drop significant. 

225 

43*47 ± *249 
Drop significant. 

July . 

148 

43-08 ± -190 

143 

44*00 ± *262 

August-September 

. 203 

43-36 ± -223 

229 

44*64 ± • 221 
Rise significant. 


Egg Weight and Egg Numbers. 

Upp (1928) showed that the hatching weight of chickens was correlated 
with egg weight, and, further, he found that the correlation coefficient r 
varied from period to period. His observations were restricted to the 
spring hatching season—late December to early May. 

Jull (1924) reported, for yearling birds, a gradual rise in egg weight 
from the time of onset of egg production till February, followed by a 
considerable drop from February to May. From May to September 
egg weight remained fairly constant, rising, however, in October and 
November. Further, he has shown that egg numbers increased from the 
time of onset of egg production to attain a maximum in the spring months, 
after which they slowly declined till the moult caused a cessation of 
reproductive activity 

From Table II and Graph 11 it will be seen that our 2- and 3-year-old 
birds obeyed the same general rule as did his yearling hens. The seasonal 
differences shown in egg weight were significant. The 1937 curve 
differed somewhat from the 1936 one but the general trend was the same, 
suggesting that there is a typical annual curve which varies only in minor 
details from year to year. 

Graph III, for egg numbers, showed that the decrease in egg weight 
was accompanied by a simultaneous increase in egg numbers. Egg 
production attained its maximum, and began to decrease prior to the 
termination of the decline in egg weight. From June to September 
inclusive, egg numbers gradually declined. The two most obvious 
nterpretations suggested for the continued fall in egg weight after pro¬ 
duction was declining were (i) that the hen required a certain length 6f 
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Tabue 1 L—The Change in Mean Egg Weight together with the Change 
IN THE Average Number of Eggs per Month as the Laying Year 
Proceeds, 

1937. 1936. 


Months, 

Aver. Egg 

-N 

Mean Egg 

Aver, Egg. 

Mean Egg 


No. per Bird. 

Wt. in g. 

No. per Bird, 

Wt. in g. 

January 

6-7 

68-93 ± '404 

9'3 

66*39 ± *388 

February 

127 

67-56 ± -248 


66*46 ± *269 

March 

x8'3 

67-29 ± -244 

20*8 

65-50 ± -259 

April . 

18-6 

65-40 i; -261 

21*2 

63-24 ± -253 

May . 

187 

65-51 ± -239 

20*6 

62-73 ± '274 

June . 

177 

65-55 ± -272 

i8*8 

62*23 ^ *296 

July . . 

i6-i 

64-38 ± -312 

19*4 

62*03 ± *294 

August 

15-9 

65-27 i -327 

16*8 

62*64 nt *339 

September . 

157 

65-83 ± -365 

iS -9 

64*20 ± *390 


The 1936 data were from a group, chosen at random, of twenty 2-year-old birds 
commencing to lay in January; the 1937 figures were from the thirteen birds used in 
the planned experiment, 

time to recover from the drain of high reproductive activity, or (2) that a 
summer metabolic rate due to physiological factors was antagonistic to 



Graph n.-“Showing the monthly variation in egg weight in the years 1936 and 1937, 

both high egg production and high egg weight. If the latter suggestion 
were correct it would imply that the egg weight was not dependent upon 





102 


N. Galpifti Factors affecting the 

number, but that both were controlled by a third factor, possibly 
endocrine in nature; it will be suggested later that the thyroid gland may 
influence egg weight. 



Graph III.—To show the monthly variation in. egg numbers in 1936 and 1937. 

Table II and Graph II show the change in the egg weight for all 
eggs laid; Table III and Graph IV show the seasonal change in egg 
weight in 1936 and 1937 for the eggs that hatched. The population was 
the same as that for Table I; the figures of Tables I and IV being directly 
comparable. 


Table III.— The Seasonal Change in the Weight of Eggs that 
Hatched in 1936 and 1937. 


Season. 


J anuary-^February 
March-April 

May-June 

Juiy 

August-September 


No. of 

Egg Wt., 1936. 

Chicks. 

In g. 

300 

6 S'8o ± *127 

566 

64*67 ± *182 
Significant drop. 

63*91 db -228 
Significant drop. 

271 

148 

63*80 ± *229 

202 

64*45 ± *253 
Significant rise. 


No. of 

Egg Wt., 1937. 

Chicks. 

In g. 

133 

6772 ± *343 

239 

65-52 ± -300 
Significant drop. 

225 

64-88 ± -273 . 
Significant drop. 

*43 

64-40 ± -346 

229 

<55-63 ± -382 
Significant rise. 


Upp (1928) has been mentioned as showing that a change in the 
correlation coefficient, r, for hatching weight and egg weight, took place 
as the batching season proceeded. Correlation coefficients for the 1936 
and 1937 seasons showed that the dependence of hatching weight on 
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Graph IV.—Showing the seasonal variation in the weight of eggs that hatched 
in 1936 and 1937. 


Table IV.—Showing the Significance of the Changes in Correlation 
Coefficient r for Hatching Weight on Egg Weight from Season to 
Season in 1937. 


Season. 

r. 


Difference in e. 

«- 3 . 

Reciprocal. 

J anuary- February 

+ ■87 

1*34 


130 

•00769 

M arch-April 

+ •95 

i»84 

•50 ± -log 

236 

•00424 
•01193 
Significant. 

March-April 

+ •95 

1*84 


236 

*00424 

May-June 

+ •79 

1*07 

77 ± -093 

222 

*00451 

•00875 

Significant. 

May-June 

+ ’79 

1-07 


222 

- 0045 1 

July 

+ •77 

I‘02 

•05 ± *108 

140 -00714 

■01165 

Not significant. 

July 

+ •77 

1*02 


140 

•00714 

Auguit-Septeraber . 

+ •87 

1*34 

•32 ± -107 

225 

•00444 
•01158 
Significant. 

P y/zs less than 

•01 for all values of r (Fisher, 1936/ pp. 206-213). 
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egg weight was always high, never less than *76, but nevertheless the 
dependence varied from season to season. The groupings used were 
January and February, March and April, May and June, July, and 
August and September. 

From Tables IV and V with Graph V it will be observed that depend¬ 
ence in both 1936 and 1937 increased significantly from the January- 



Graph V.—Showing th« seasonal changes in the value of the correlation coefficient r 
for hatching weight with egg weight in 1936 and 1937. 

February period to the March-April one. From March-April to July 
there was a significant decline in the values of the correlation coefficient, 
the value of r being least in July. The 1936 May-June drop was not 
significant. This may be accounted for by the fact that in 1936 in the 
March-April period many of the eggs incubated were from experimental 
stock which never developed very vigorous embryos; hence the depend¬ 
ence was lowered in this period. Secondly, from May onwards eggs were 
incubated only from birds giving good hatchability and fertility and 
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Table V. — To Show the Changes in the Correlation Coefficient r for Hatch¬ 
ing Weight on Egg Weight during the Year 1936, The Chickens in any 
one Period were not necessarily from the Same Parents as Those in 
ANY other Period. 


Season. 

r. 


Difference. 

»- 3 - 

Reciprocal. 

January-February 

+ 76 

1*01 


297 

•00337 

March-April 

+ •87 

1-34 

*33 ± *072 

563 

•00178 

•00515 

Significant. 

March-April 

-f‘87 

1-34 


563 

•00178 

May~June 

. + *84 

P22 

•12 .-fc *074 

268 *00373 

-00551 

Not significant. 

May-J line 

+ *84 

1*22 


268 

•00373 

July 

+ 73 

‘93 

•29 ± -103 

145 

•00690 

*01063 

Significant. 

July 

+ 73 

*93 


M 5 

•00690 

August-September 

+ •87 

1*34 

•41 ± -109 

199 

*00503 

•01193 
Significant. 


P for r was always less than 

•01 (Fisher, 1936). 




within a certain range of egg weight; therefore the comparison was 
between chickens from a selected group of birds and those from an un¬ 
selected group. The 1937 data, on the other hand, was from the same 
parent stock throughout the year, and all the eggs from that stock were 
incubated, therefore each season was directly comparable with any other 
season. Another factor influencing the 1936 data was that from May 
onwards the eggs of pullets were gradually replacing the eggs of older 
birds, so that not only the individuals, but the age of the parent population, 
was changing discontinuously. From this it will be seen that the 1937 
data were the more critical, and therefore the May-June drop occurring 
in this year must be considered more nearly correct than the non¬ 
significant drop in the corresponding period in 1936. 

In the August-September period the. dependence increased, returning 
in 1937 to the same level as in the January-February period. In 1936 
the August-Septembcr level of dependence was higher than its January- 
February period. The same explanations that accounted for the dis¬ 
crepancies in the March-April and May-June periods apply to the 
January-Febfuary and the August-September periods. 

It can now be concluded that the general trend of the dependence of 
hatching weight on egg weight varied as the laying year proceeded, the 
dependence being greatest in the March-April period and least in the 
July one. 

The ydlue of r has been shown to change with the season, and the 
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nature of the change can best be demonstrated by reference to the changes 
in the regression coefficient for hatching weight on egg weight. The 
weight of both is in grams, so that an increase of i g. in egg weight 
results in an increase in hatching weight varying from -59 to *81 g 



Graph VI.—Showing the seasonal variation in the regression coefficient 3 for 
hatching weight on egg weight in 1936 and 1937. 

Graph VI, with accompanying Tables VI and VII, demonstrates that 
changes in the value of r were accompanied by corresponding changes 
in the value of the regression coefficients. The 1937 curves for both the 
regression and the correlation coefficients follow the same trend. The 
1936 non-significant May-June drop in the value of r was countered by 
a non-significant May-June rise in the regression coefficient. 

From the regression coefficients it was apparent that the variation in 
dependence was due to the extent of the ability of the developing embryo 
to utilise the egg substance provided; this ability was greatest in the 
March-April period and least in the July one. 
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Table VL—The Change in Regression Coefficients b when the Data 


WERE 

FROM 

THE Same 

Parent Stock— 

1937 Data. 


Season. 

b . 

Difference. /. 



J anuary-February 

•71 





March-April 

*81 

— by 

•JO 3 » 02 II 

Highly significant. 

/ for P *01 

2-57582 

March” April 

•81 





May-June . 

•72 

by-by 

•09 2*3872 

t for P *01 

2-57582 





t for P *02 

2-32634 




Significant. 



May-June 

.72 





July . . 

*59 

by-by 

•13 2-4648 

/ for P *01 

2-57582 





t for P -02 

2-32634 




Significant. 



July . 

•59 





August-September 

•68 

by-by 

*09 1*9607 

t for P -02 

2-32634 





/ for P *05 

1-95996 




Just significant. 




The method used for comparing the regression coefficients was that given by Fisher 
(1936, pp. 146-148). 


Table VII.—To Show the Change in Regression Coefficients when the Data 
Analysed were from a Different Parent Population in the Different 
Seasons—1936 Data. 


Season. 

by 

Difference. 

t . 



J anuary-F ebr uary 

•64 






March-April 

•70 

by-by 

•06 

2-2727 

P -05 

1*95996 






P *02 

2-32634 

Significant. 

M arch-April 

•70 






May-June . 

•71 

by-by 

•01 

-34602 

P -7 

*38532 






P *6 

*52440 







Not significant. 

May-June . 

•71 






July . . . 

•60 

by-by 

♦11 

1-89328 

P -1 

1*64485 






p-05 

1-95996 







Just significant. 

July . 

•60 






August-September 

77 

by-by 

•17 

3-23809 

P -OI 

2*57582 






p-05 

1*95996 







Highly 







significant. 


(Fisher, 1936, pp. 146-148.) 
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From the evidence presented it is seen that the following facts have 
been elucidated:— 

(1) The curve for hatching weight over the laying year declined and 
then inclined, the lowest weight occurring in the summer months. 

(2) Correlation coefficients evinced that hatching weight was dependent 
on egg weight, but that the dependence varied from season to 
season. 

(3) Regression coefficients indicated that the changes in the dependence 
were due to the fact that in the summer months the increase in hatching 
weight for an increase in egg weight was not of the same magnitude as 
the increase for a corresponding egg-weight rise in the spring months. 

(4) Egg weight decreased from the time of onset of egg production till 
the end of the summer—July—and then increased till the moult ter¬ 
minated reproductive activity in the autumn. 

(5) Egg numbers increased during the first part of the laying year, 
maximum production occurring in the late spring, after which they 
slowly declined till the moult. 

Reviewing these facts it would appear that, on the whole, increased 
reproductive activity leads to a diminution of the egg size and, therefor^, 
to a decrease in hatching weight. It is undoubtedly correct that 
decreased egg size accounted for a considerable proportion of the decrease 
in hatching weight, but it does not account for the change in dependence 
nor for the varying ability of the embryo to utilise the nutriment provided 
in the egg. Further, the continuation of the decline in egg weight after 
^SS production had begun to fall, seen in both years, cannot be regarded 
as entirely due to the prolonged effect of high egg production, for during 
the period of highest reproductive activity, in March and April, the 
regression coefficient was greater than in any other month. If the number 
of eggs produced lowered the egg quality so that the developing embryo 
was gradually receiving less of the necessary nutriment, one would expect 
that the highest value of i would occur in January and February. 

Thus, it was imperative to look for some physiological factor affecting 
the metabolism of the hen in such a way that it might have an antagonistic 
effect upon egg production and egg weight, together with an inhibiting 
effect upon embryonic growth. 

Analysis of data on thyroid weights collected at the Institute of Animal 
Genetics revealed that thyroid weight decreased from the time of onset 
of laying until July and then increased, attaining maximum weight in 
October and November when the moult occurred (sec Table VIII and 
Graph VII). An interesting point was the increase in July th3rroid 
weight, when moulting birds were included with the laying ones; this 
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indicated that thyroid size was in some way connected with the physiology 
of the moult. 


Table VIII.—The Seasonal Changes in Thyroid Weight. 


Season. 

No. of 
Individuals. 

Thyroid Wt* 

In g. 

Difference, 

January-Fcbruary . 

42 

*1084 ± *0045 

*0084 just significant. 

March“April . 

May-'June 

42 

‘looo ± *0042 

*0088 significant. 

95 

•0912 ± *0034 

‘0072 significant. 


July . 

9 

*0840 ± *0021 

■0073 significant. 

August-September 

62 

‘0913 ± -0028 

•023s significant. 

OctoberrN ovember 

124 

•1148 ± *0021 

*0100 significant. 

December 

45 

•1048 ± *0043 



July thyroid weights have been given for laying birds only; inclusion of 9 moulting 
birds increased the thyroid weight from *0840 ± *0021 to *1047 ± *0094, and the number 
to 18 birds. 





no 
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Discussion. 

Hatching weight has been shown to be dependent on egg weight, but 
the particular interest of this stud^ lies in the manner and extent to which 
the dependence varies with the season. Apart from the initial period 
covered by the observations, the relationship varies in orderly fashion, 
the dependence being greatest in the March-April period and least in 
July. (Perhaps it is to be expected that at the onset of the reproductive 
cycle, physiological forces of a complex nature will be involved which 
subsequently will not be reproduced; therefore, it may be expected that, 
at this period, an atypical behaviour will be induced.) 

In an attempt to elucidate the causes underlying the phenomenon 
described, it first of all may be suggested that the seasonal changes in 
egg weight are a reflection of a relatively orderly change, throughout the 
year, in the metabolic level of the hen, large eggs are produced during 
the periods of lowered maternal metabolism, but when the intensity of 
reproductive function increases (as shown by increase in the rate of egg 
production) coincidentally the eggs become smaller. On this assumption 
the metabolic rate of the hen increases to a maximum in July. 

Riddle and Fisher (1925), from their studies on the pigeon, suggested 
that the metabolic rate of the parent was inherent in the egg and trans¬ 
mitted to the developing embryo. This leads to the problem of the 
respective levels of metabolic functioning involved in the two distinct 
processes of egg and chick formation. It may be expected that they 
would be governed by the same rules. While the correlation figures 
bear out this assumption, the regularity of the regression-coeflScient curve 
suggests the presence of some additional differential factor at work in their 
developmental processes in order to account for the observed variation in 
the ratio of their completed masses. 

The egg can take no part in the process of its own formation, and it 
has been shown that the greater part of its bulk is laid down in a com¬ 
paratively short time (Riddle, 1916). On the other hand, the chick 
embryo takes three weeks to attain hatching weight; during that time its 
own endocrine system develops, and must be assumed to play some r 61 e 
in the later stages of embryogeny. 

Whether the forces hitherto controlling developmental processes arc 
gradually replaced by those derived from the embryo, or whether pre- 
embryonic and embryonic factors continue to work together until hatch¬ 
ing, producing a synergistic effect, is unknown, but if the latter were true, 
it would suggest an explanation of the varying discrepancy between egg 
weight and chick weight at hatching. 
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Greenwood and Chaudhuri (1928), from a study of the effects of 
thyroxin injections to incubating eggs, attributed the production of dwarf 
embryos to an increased metabolic rate. If, as is suggested from this 
work, the active secretion of the thyroid gland may be considered a major 
factor in determining growth-rates in chicken embryos, then it might 
be suggested that seasonal changes in chick weight were a reflection of 
varying levels of thyroid activity in the hen, the effects being intensified 
if, at the same time, a change in the embryonic growth-rate affects the 
functioning of the embryonic endocrine system. 

From an analysis of data collected at the Institute on the variation in 
thyroid weight with season, it was found (Graph VII) that the curve for 
gland weight followed the same trend as that for egg weight. This means 
that if thyroid weight were to be taken as an indication of function, then 
at the time of postulated highest metabolic rate in the embryo (July) its 
function was inversely related to its mass. That the thyroid gland of the 
fowl possessed the greatest amount of colloid in the winter-time (Podhrad- 
sky, 1933) suggests that at this time the gland was acting as a storage agent 
for its secretion. If this were so, then the decrease in amount of stored 
colloid at other periods of the year might be attributed, not to a decreased 
level of secretion, but to an increased level of excretion. 

The investigations of Riddle et alii on thyroid-gland size in pigeons 
have led to the conclusion that, as in the fowl, the season of active repro¬ 
duction covers the period of decline in thyroid size. 

Riddle (1927) attributes these changes to responses to external tem¬ 
perature variations, but the data given in Table VIII, indicating the 
significant difference between thyroid weights of laying and non-laying 
hens in July, strongly suggests an inverse relationship between thyroid 
size and reproductive activity in the fowl, irrespective of any dependence 
on temperature variation. The solution of the problem requires a more 
accurate measurement of thyroid function than is available at the present 
time. 

Finally, it must be emphasised that the seasonal behaviour evinced 
must be modified to suit the individual laying cycle of any bird or group 
of birds that does not conform to the laying cycle for the birds used in this 
experiment; the trend demonstrated was for yearling birds whose second 
laying year began in January. 


Summary. 

I. It has been shown that seasonal changes in the embryonic growth- 
rate of chickens occurred. 



112 


N, Galpin^ Factors affecting the 

2. Egg numbers increase in the first half of the laying year, and 
decrease from May till the onset of the moult causes a cessation of repro¬ 
ductive activity. 

3. Hatching and egg weight decline whilf egg numbers increase, and 
increase after the rate of egg prodifction decreases, 

4. The dependence of a hatching weight on egg weight, as evinced 
by correlation coefficients, increases from the January-February period 
to the March-April one, decreases till July, and increases in the autumn. 

5. Regression coefficients reveal that the change in dependence is 
due to the varying ability of the embryo to utilise the egg substance pro¬ 
vided. The trend of the curves for regression and correlation coefficients 
was similar. 

6. Thyroid weight decreases from the time of onset of reproductive 
activity till July and then increases, attaining maximum weight in October 
and November, during the moulting period. 

7. The seasonal changes in the dependence of hatching weight on 
egg weight have been interpreted as the expression of a varying maternal 
metabolism, the changes in the metabolic rate being related to thyroid 
activity. 
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IX.-*Gynandromorphism and Lateral Asymmetry in Birds. 
By Professor F. A. E. Crew, M.D., D.Sc., and S. S. Munro, 
D.Sc., Institute of Animal Genetics, University of Edinburgh. 
(With One Coloured Plate.) 

(MS. received December 14, 1937. Revised MS. received March 3, 1938. Read 

November 8, 1937.) 

Shortly after Juhn, Faulkner and Gustavson (1931) had shown that 
natural differentials in the growth-rate of individual feathers on one and 
the same fowl determined, in part, the threshold of their response to 
oestrin, the faster the growth-rate the greater being the amount of oestrin 
required to produce female feathering, Lillie (1931) extended their con¬ 
clusions to a re-examination of the cases of lateral gynandromorphism in 
birds recorded in the literature up to that time. He pointed out that 
this condition seemed always to be associated with lateral size asymmetry, 
and argued therefore that, since the male side was the larger and pre¬ 
sumably the faster growing, to account for lateral gynandromorphism it 
was necessary only to postulate that the ovary of the bird should be 
malfunctioning, producing a sub-normal amount of oestrin, sufficient to 
evoke henny-feathering on the smaller, more slowly growing side, but 
insufficient to do so on the larger, faster growing side. 

This brilliant suggestion found support in the fact that all the lateral 
gynandromorphs reported had shown themselves to be either infecund 
or else irregular layers. Furthermore, the deficiency of oestrin, demanded 
by this hypothesis, in those birds which possessed testicular as ^ycll as 
ovarian tissue was readily explained by an appeal to the gonad-pituitary 
relationship that had been demonstrated by the work of Leonard, Meyer 
and Hisaw (1931), Moore (1931), Moore and Price (1932) and Greenwood 
and Blyth (1930). 

Lillie did not consider the cause of the lateral size asymmetry or of 
the dual nature of the gonads; he was concerned solely with the presenta¬ 
tion of the argument that, given a malfunctioning ovary and lateral size 
asymmetry with different rates of feather growth on the two sides of the 
body, all cases of lateral gynandromorphism in birds could be explained 
by reference to the facts disclosed by his co-workers. He did not discuss, 
therefore, the possibility that an aberrant chromosome distribution, such 
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as that shown by Morgan and Bridges (1919) to underlie gynandro- 
morphism in Drosophila, might itself be the cause of the lateral size 
asymmetry, and thus be responsible indirectly for the lateral differences 
in plumage characterisation. 

Since that time a number of additional facts have been disclosed which 
show that Lillie^s explanation cannot be of general application. The 
work of Keck (1934) on the house-sparrow, of Danforth and Price (1935) 
on the blackbird and of Danforth (1937 a) on the pheasant has made it 
clear that among birds there is considerable variation in the degree to 
which feather-type isdependent upon humoral influences. Apparently there 
are two main types—the sparrow*type^ in which the plumage characters 
are determined predominantly by genetic factors and in which the feathers 
are not noticeably affected either by castration or by hormone injection; 
and the fowl-type^ in which the plumage characters are predominantly 
determined by hormonal factors and in which the agonadic bird exhibits 
male-type plumage, while oestrin induces henny-feathering. There is, 
in addition, a third type, the pheasanUtype^ in which the imposition of 
one sex-hormone upon the contra-sex genotype evokes an intersexual 
plumage (Danforth, 1937 and b'). 

All the clear-cut cases of lateral gynandromorphism so far reported 
have occurred in two closely related species, the chaffinch {Fringilla 
Calebs^ and the bullfinch (Pyrrhula europmd). It is known that the 
lateral plumage gynandromorphic finch can continue, moult after moult, 
simultaneously to regenerate male-type feathering on one side of the 
body and female-type feathering on the other. In the case of the fowl, 
in which form gynandromorphs have been described by Macklin (1923), 
Vecchi (1936) and Hutt (1937), it is established that in the normal bird 
there are considerable and appreciable differences in the growth-gradients 
of regenerating feathers in different skin regions of one and the same 
bird. So that if Lillie’s hypothesis is to be sustained, it is necessary to 
assume that not only is the degree of ovarian deficiency fixed by chance 
at a constant and critical level, but also that the most slowly growing 
region on the larger side of the body grows at a faster rate than does the 
fastest growing region on the smaller side. 

We are fortunate in that we are able to present eight new cases of 
lateral asymmetry in birds which permit us to suggest that lateral gynan¬ 
dromorphism, like simple lateral size asymmetry, is the result of aberrant 
distribution of the chromosomes at the first cleavage division, and that 
there are three types of the condition corresponding to the classification 
given above: (i) the'sparrow-type, in which the plumage characterisation 
of each side of the body is determined by the genetic constitution of that 
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side; (2) the fowl-type, in which the plumage characterisation of both 
sides is subject to hormonal regulation; and (3) the pheasant-type, less 
common, in which a nearly normal sex type of plumage is exhibited by 
one side of the body, an intersexual type by the other. In the sparrow- 
type a gynandromorph can be a true ‘"half-sider”; in the fowl-type and 
the pheasant-type the half-sider in respect of sex-dimorphic plumage 
characterisation is an impossibility. 

In the first four of these new cases the sex-characters are not involved. 
They are instances of simple lateral asymmetry. The first is a yellow-buff 
Yorkshire cock canary which was bred in 1935 by Mr J. J. Shepherd of 
Romford, from w^hom we obtained it. Mr Shepherd himself accurately 
described the bird as ‘‘a true half-sider, the dividing line between the 
buff and the yellow sides passing from the vent, along the exact mid-line 
of the breast, over the middle of the crown and down the centre of the 
back. The parents of this bird were a clear yellow cock and a clear buff 
hen, both outstandingly rich in colour. Its brothers and sisters were 
normal. It was noted that the egg from which this half-sider was hatched 
(one of a second-round clutch of four) was of abnormal size, being almost 
twice as large as the ordinary canary egg. The half-sider itself, on 
hatching, was appreciably larger than the other three chicks. Even its 
nest feathers were different in colour on the two sides of the body. It is 
now an excellent exhibition type of Yorkshire cock.” 

The genetic relationship between yellow and buff is confused, mainly 
owing to the fact that it is the rule with fanciers never to breed buff to 
buff or yellow to yellow. Not infrequently a particular bird, when 
exhibited, wins first as a yellow and later as a buff, or vice versa. There 
are plentiful records in the fanciers’ journals of buffs, after a moult, 
becoming yellows. It is not surprising, therefore, to learn that the 
mating buff x buff gives both buffs and yellows, ^nd that yellow x yellow 
yields yellows and buffs. 

The bird now being described is yellow on the right side, buff on the 
left. Mated to a buff hen it has produced five young, but none of these 
has been successfully reared. There is no reason to ascribe this early 
post-natal mortality to the asymmetry of the father, for canaries are 
notoriously difficult to rear. Micrometer measurements of the long 
bones of this bird show that those on the buff side are on the average 
4-3 per cent, smaller than are those of the yellow side. 

The second case is that of an Old English Game bantam hen (fowl A). 
The plumage on the left side was the typical partridge colour, that on the 
right typically spangled. Spangling in the Old English Game takes the 
form of a white tip on a black or partridge feather, in contrast with the 
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spangling of the Hamburgh, in which there is a black tip on a silver or 
white feather* Mated to a spangled Old English Game cock this hen 
produced both spangled and non-spangled offspring. Unfortunately, 
before bone measurements were taken, she was killed and eaten by dogs. 
In order to determine the genetic nature of spangling in the Old English 
Game bantam the matings shown in Table I were made. 


Table I. 


Mating. 

Hen 

N umber. 

17 

241 

334 

Offspring 

Total, 

23 

30 

34 

Non-spangled. 

1 Spangled, 


w 


?? ■ 

Pj Spangled \ 

Pj Black-red (J / 

10 

12 

*5 

13 

18 

19 





87 

37 

50 



P, Partridge $$ 

Pi Spangled $ 

5 

90 

221 

266 

Unrecorded 
floor eggs. 

00 

7 

1 

13 

2 

15 

n 

0 

9 

13 

21 





93 

38 

54 



Fj Partridge 1 

1 






X [ 


154 

48 

62 

27 

17 

Fi Black-red $ ) 

i 






Backcross. Fi Partridge 

1303 

4 

3 


I 


Pi Spangled <J J 

161 

19 

4 

6 

7 

2 


•• 

23 

7 

6 

8 

2 


It seems clear from these data that spangling in this breed is a mono¬ 
genic autosomal recessive character and quite unrelated to the Hamburgh 
spangling, which Taylor (1932) found to be an autosomal dominant. 

The third case is that of a cockerel (B), out of the mating Light 
Sussex hen x Rhode Island Red cock, and thus heterozygous for silver. It 
was obtained through Professor Punnett from Miss Eldridge of Maysland 
Farm, Dunmow. The colour of the skin and shank of the right side of 
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the bird is white, that of the skin and shank on the left side yellow. The 
dividing line follows the mid-line of the body throughout, bisecting the 
vent and the upper and lower beak. The bird is now eight months old 
and is still living. Measurements of its long bones reveal a difference of 
2*9 per cent, in favour of the rigl\t white side. 

The fourth case is that of a Light Sussex cockerel (C) bred by Mr 
Walter Heale of Canterbury, and obtained by us through the mediation 
of Professor Punnett. It is known that Rhode Island Red blood had 
been introduced into Mr Heale’s flock a few years ago, but that it had 
been largely bred out, until now all the chicks that are hatched exhibit the 
typical Light Sussex plumage colours, though a very small percentage still 
have yellow shanks and skin colour. This bird is very similar to case B; 
it is white on the right and yellow on the left. When it was first seen by 
us in May 1937 it was five months old and no appreciable lateral size 
asymmetry existed, but two months later this had become manifest. 
The bird was killed in September and its skeleton prepared, when it was 
found that the bones of the appendicular skeleton on the yellow side were 
on the average 2 per cent, shorter than those of the right white side. 
Prior to its death this bird had been mated to recessive yellow-fleshed 
Brown Leghorn hens. By means of a special technique, involving 
cloacal entry, the products of each of the testes were collected and used 
separately in artificial insemination. The male proved to be highly 
fertile in such matings, and over a period of six weeks 54 chicks were 
hatched from four hens. Fifty of these were reared to the age of five 
weeks or beyond, when the leg colour had become clearly distinguishable. 
Among 17 of these chickens, derived from eggs fertilised by sperm from 
the left testis, 6 were white and 11 were yellow. Of the 20 derived from 
sperm from the right testis, 9 were white and ii were yellow. The 
remaining 13, originating either from mixed semen or else from unidenti¬ 
fied floor eggs, included 9 whites and 4 yellows. Thus there were 24 
whites and 26 yellows, both sorts originating from both testes in proportions 
which did not significantly differ. It is clear that the genetic constitution 
of the left testis was not identical with that of the left soma; both testes 
would seem to have been genetically heterozygous (Ww). 

The next four cases differ from the preceding in that they are instances 
of lateral gynandromorphism, the condition in which male characterisa¬ 
tion is present on one lateral half of the body, female characterisation on 
the other, the individual belonging to a species in which the sexes are 
normally separate and distinct. 

Two of these gynandromorphs were found in the Qouldian finch 
{Gouldmornis gouldia)^ a native of Australia, and were discovered among 
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a large importation of Australian birds. The male has a hood of deep 
velvety black covering the forehead, lores, cheeks, ear-coverts and upper 
throat. This is encircled posteriorly by a narrow band of cobalt blue 
which blends into the yellowish green of the back and wings; the neck and 
anterior breast are a shining lilac purple. The under-surface is a rich yellow. 
The female is a duller and quieter edition of the male, the lilac and 
golden yellow of the latter being replaced by pale rose and light yellow. 

The two mosaics now being described are hens, their behaviour being 
in every way that of the normal female; both have mated with males and 
both have laid eggs. They possess male-type plumage on the right side 
of the body, female-type on the left (Plate). One of them died, and post¬ 
mortem examination revealed a typical ovary and accessory apparatus 
on the left side of the body; no testicular tissue was anywhere present. 
The other is still alive, and examination of the reproductive organs has 
not yet been attempted. Careful examination showed that the average 
linear difference between the two sides of the bodies of these birds was 
of the order of 2 per cent., the bones of the right side with the male-type 
plumage being the larger. 

Subcutaneous implantation of oestrin crystals in a normal male 
Gouldian finch had no effect upon the colour of the subsequently re¬ 
generating feathers, these being as lilac as were those they replaced. 
Similarly, implantation of crystals of testosterone in a normal female 
failed to produce any male coloration in the regenerating feathers. 
This experimental procedure was repeated on several occasions and in 
both sexes, but invariably gave completely negative results in so far as 
the colour of the feathers was concerned. But it was noticed that, in the 
case of the normal male, the narrow terminal fringe of the lilac breast 
feather disappeared under the influence of oestrin, and microscopic examina¬ 
tion showed that this alteration in feather structure took the form of an 
extension of barbules to the ends of the barbs, as is the case in the normal 
female feather. This modification of structure in no way altered the 
actual appearance of the breast, but it did serve to show that the dosage 
of oestrin employed was physiologically effective. Similar-sized crystals 
of oestrin, when implanted into the fowl, induced henny-feathering in the 
male, and, as Parkes (1937) has shown, this procedure constitutes a most 
efficient method of continuous hormone administration. There can be 
no doubt, therefore, that the amount of hormone supplied to the normal 
male and female finches in this experiment exceeded the threshold of 
physiological effectiveness. 

It thus became clear that these two finch gynandromorphs belonged 
tp the sparrow-type, in which sex-dimorphism in respect of plumage is 



120 


F, A, E, Crew and 5, S, Munro^ 


determined predominantly by genetic factors. From them no evidence 
could be derived which would suggest that the difference in plumage 
colour on the two sides of the body was the result of any interplay between 
feather growth-rate and hormone threshold. It is not surprising, in the 
light of the results obtained froqi the implantation of cestrin and test¬ 
osterone, that Zawadowsky’s (1926) castration experiments on the finch 
failed to provide any convincing proof of any hormone control of 
plumage-type. 

The third gynandromorph is a fowl (D) which came into our posses¬ 
sion as long ago as 1932, when it was received as a gift from the Sterling 
Poultry Products Limited, near Andover, Hampshire. It was then a 
partly grown pullet, or at least it was regarded as a pullet, out of the 
mating Light Sessex hen x Rhode Island Red cock. It was remarkable 
at that time for the reason that whilst its left leg and left side of the body 
were white, its right leg and the right side of the body were yellow. The 
dividing line between white and yellow followed strictly the mid-line of 
the body excepting in the head, both upper and lower beak and both 
eye-rings being yellow. Although not very pronounced at the time, 
there was even then a definite lateral size asymmetry, the yellow side 
appearing larger and coarser. The head, derived embryologically from 
tissue of the same genctical constitution as the larger yellow side, was 
itself larger and coarser than that of the normal female of the same age. 
As the bird matured, this lateral size difference became more and more 
pronounced, until when fully grown the bird was markedly asymmetrical 
and possessed on the larger right side a large male-like spur. The 
average linear difference between the bones of the two sides was found 
later to be 13 per cent. Its gait was clumsy and limping, but the bird 
itself was quite healthy and proved to be a moderately good layer. In its 
second year it was mated to a Rhode Island Red cock and produced 
twenty-six chickens, all of which were golds. Ten were males and five 
were females, the sex of the remainder being unrecorded, as was also, 
unfortunately, their flesh colour. 

When the bird was five she developed respiratory difficulties and was 
brought under close observation, Cloacal exploration revealed a large 
internal mass, situated dorsally and posteriorly to the ovary. It was 
thought that she had developed a tumourous growth which was pressing 
upon the peritoneal air sacs, and thus interfering with respiration. On 
April 6, when approximately five and a half years old, she was found 
attempting to lay a normal fully shelled egg. She was unable to extrude 
this, and it was broken and removed manually. During the next four 
months she remained in fairly good condition, though at times she 
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suffered severely from dyspnoea. In September her condition became 
rapidly worse and she died, aged six. 

The bird had been regarded throughout its life as a female showing 
considerable lateral size asymmetry. Her breeding record showed quite 
clearly that she was XY in sex-chromosome constitution, and that she 
had not received the dominant silver gene from her mother. When 
mature she did show an occasional whitish feather on the larger side of 
the body, but on closer examination these proved to be either very pale 
red or else white with flecks of red, and there was no greater difference 
between the coloration of the two sides of the body than can be found 
between full sisters out of the same mating. 

It certainly was not expected that her internal genitalia would include 
male structures, and the desirability of any histological examination was 
not seriously considered. Her cadaver was kept in cold storage for 
several days. When it was dissected it was found that the bird had been 
laying internally and that a very large mass of egg material had accumu¬ 
lated, to become closely attached to the back and encapsuled by layers of 
fibrous tissue. This was the mass that had been identified as a tumour. 
There was an ovary in the normal resting condition, and on the right side 
there was a large testis-like organ. The left ovary measured 34 x IS X9 
mm. and weighed 1*67 g., the largest follicles being 3 mm. in diameter. 
The right testis-like body had the appearance of the typical lobulated 
compensatory gonad described by Domm (1927) as growing after early 
ovariotomy, save that it was considerably larger, being 38 x 17 x 7 mm. 
and weighing 3-13 g. 

Microscopical examination revealed few post-mortem changes. The 
ovary presented a normal structure and the testis-like organ consisted of 
spermatogenic tubules showing complete spermatogenesis, together with 
typical cavernous rete spaces, ductuli efferentia and epididymal tubules 
proper in its medial capsule, these being, according to Gray (i 937 )) 
typical components of the normal epididymis of the fowl. In view of this, 
and also of the fact that a compensatory right gonad is usually accom¬ 
panied by a ductus deferens^ it is reasonable to assume that a complete 
male accessory equipment existed in this bird. 

The peculiar interest of this case lies in the fact that the sex-chromo¬ 
some constitution of the male side of this avian gynandromorph could be 
recognised. It is of extreme importance to note that in tissue which 
possesses the typical female sex-chromosome constitution, male-type 
skeletal structures, including a large spur, testicular material that exhibits 
complete spermatogenesis and (presumably) male deferent ducts can 
occur. 
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The fourth case was that of a pure-bred Rhode Island Red fowl (E). 
Its owner, who regarded it as a curiosity, contributed the bird as material 
for a demonstration on post-mortem methods, which was being conducted 
by Mr T. E. Knowles, secretary of a Lancashire poultry breeders* associa¬ 
tion. The bird*s neck had been jdislocated before it was handed to Mr 
Knowles, who, as the autopsy proceeded, disclosed a testis on the larger 
right side and an ovary and oviduct on the left. In the uterus there was a 
fully formed egg, which was removed. The case was brought to our 
notice by Mr G. M. Robertson, Advisor in Poultry Keeping to the County 
of Lancashire, who had received the carcase and had preserved it in 
formalin. From Messrs Robertson and J. J. Green of the Lancashire Agri¬ 
cultural Education Department we received the preserved specimen on loan. 

The bird exhibited typical Rhode Island Red feathering which was 
completely female save that there were a few male-type feathers on the 
sides of the saddle. Measurements of the long bones showed those of 
the left side to be 11 per cent, smaller than those of the right. Both 
legs were yellow, but the smaller one was distinctly paler in colour^ There 
was a fully functioning ovary on the left with numerous full-sized yolks 
and a completely developed oviduct. On the right there was a small but 
typical testis measuring 19x9x6 mm. and a well-defined ductus deferens. 
Representative areas were removed from the testis and from the medulla 
of the ovary and examined microscopically. Though fixation was poor, 
the general structural features were plainly distinguished. No testicular 
tissue was found in the ovary. The right gonad was composed of sper- 
matogenic tubules, in many of which normal spermatids and mature 
spermatozoa could be recognised. 

There is general agreement concerning the cause of simple lateral 
asymmetry in birds. Hutt (1929 a) classified the recorded cases in the 
fowl into two groups: (i) those in which only pigmentary differences 
existed between the two sides, and (2) those in which lateral size asymmetry 
was also present. He suggested that the cause, in the case of group l, 
was gene mutation; in group 2, chromosome elimination. Crew (1932), 
in describing a new case, in which one side was yellow and the other white, 
reviewed four cases previously reported, together with another mentioned 
by Knox (1931), in which both legs were white though one was marked 
with a yellow streak, and argued that it was possible to explain them all 
by an appeal to the chromosome elimination hypothesis alone. Crew 
and Lamy (1935) described sixteen colour **haif-siders** in the budgerigar, 
and were able to show from the genetic evidence that the cause was in 
all cases the loss, in a heterozygote, of an autosome from that side of 
the body which exhibited the recessive character. 
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The test of the validity of this elimination hypothesis to explain 
lateral colour asymmetry and also lateral size asymmetry is most easily 
sought in an individual heterozygous for some plumage colour character. 
If there is the expression of a recessive character on one side of the body, 
then it should appear on the smaller side. The four new cases of simple 
lateral asymmetry presented in this paper can all be accommodated by 
the chromosome elimination hypothesis. If, in the canary, buff is accepted 
as the recessive allele of yellow, then, as the smaller side of the body is 
buff, it is reasonable to assume that the manifestation of this recessive 
character in a heterozygote and also the lateral size asymmetry are both 
due to the loss of the autosome carrying the dominant yellow allele of 
buff on the buff side of the body. In the case of the Old English Game 
bantam hen the lateral colour asymmetry can easily be explained by the 
loss from the right side of the autosome carrying the dominant allele of 
spangling at the first cleavage division. In the white-yellow-fleshed 
cockerels (B and C), since white and yellow epidermal pigmentation are 
based upon a single pair of autosomal alleles, white being dominant to 
yellow, the lateral colour and size asymmetry can be explained by postu¬ 
lating that the dominant white (W) gene had been lost from the soma 
on the yellow side of the body. 

The case of Roberts and Quisenberry (193S) is not so easily explained. 
According to the argument employed thus far, the loss of an autosome 
from each side of the body might be expected to leave the size relationship 
of the two sides unaltered. The left side of this bird resembled the 
father, a light Brahma, whilst the right side had, in general, the charac¬ 
terisation of the mother, a Barred Plymouth Rock. The right side was 
the smaller, showed pigmented barred feathers and a clean shank. The 
left side was the larger, had white feathers, except in the neck, wings 
and tail, and the shank on this side was feathered. Presumably the bird 
was heterozygous for barring, peacomb, feathered shank and the pigment 
extension factor, being Bb, Pp, Ff, Ee. Since the few feathers on the 
left side that were pigmented were barred and the comb was pea on both 
sides, the factors Bb and Pp presumably pursued a normal distribution. 
The authors interpret the case as the result of the loss of two autosomes, 
one carrying the gene for feathered shank (F) from the right side, and the 
other carrying the gene (E) from the left. They explained the very large 
lateral size difference by suggesting that there are a greater number of 
size genes on the chromosome carrying the gene for the feathered shank 
than upon that carrying the gene for pigment extension. This assumption 
was reasonably valid in view of the fact that the chromosome carrying 
the gene for feathered shank was derived from the larger of the 
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parents, and therefore might have been carrying more positive size 
genes. 

Be this as it may, it is certain that our fowl D cannot be explained by 
simple chromosome elimination, for the recessive yellow was expressed 
on the larger male-like side. We were forced to seek some alternative 
explanation. A review of all the cases known to us led to a recognition 
of the fact that those in which lateral size asymmetry had been noted 
fell into two quite distinct quantitative classes with respect to the lateral 
size differential. We therefore entertained the notion that possibly two 
different kinds of abnormality in chromosome distribution might be 
concerned in their causation. The first class, as far as the fowl is con¬ 
cerned, includes all cases of simple lateral asymmetry in which lateral 
size differences have not been noticed, or else on careful examination 


Class I includes the following cases:— 

Table II. 


Case 

No. 

Author. 

Description, 

Gonads. 

Sex. 

Cause. 

I 

Lambert 

(J 9 * 9 ). 

No size difference noted. 

1 Left side white* 
fleshed; right yellow. 

Right nil?; left 
ovary. 

XY 

Elimination of autosome 
carrying W on the 
right. 

Right side w; left Ww. 

2 

Knox 

(« 93 i). 

As No. I. 

Not stated; prob¬ 
ably normal 

XY? 

Elimination of autosome 
carrying W on the 
right. 

Right w; left Ww. 

3 

Knox 

(J 93 I)- 

No siae difference noted. 
Right shank green; 
left yellow. 

Right nil; left 
ovary. 

XY 

Elimination of autosome 
carrying a on the left. 

Right aa; left a. 

Elimination of autosome 
carrying W on the 
left. 

Right Ww; left w. 

Elimination of autosome 
carrying P on the 
right. 

Right p; leftPp. 

Elimination of autosome 
carrying W on the 
left. 

Right Ww; left w. 

Elimination of autosome 
carrying W on the 
left. 

Right Ww; ieftw. 

4 

Crew 

( 193 *)- 

No size difference noted. 
Right shank white; 
left yellow. 

Right nil; left 
ovary. 

XY 

5 

Present 
case A. 

No size difference noted. 
Right side spangled; 
left non-spangled. 

Right nil; left 
ovary. 

XY 

6 

Present 
case B. 

Left side yellow-fleshed 
and 3 per cent, smaller 
than right white- 
fleshed side. 

Right testis; left 
testis. 

XX 

7 

Present 
case C, 

Same as 6, with 2 per 
cent, lateral size dif¬ 
ference. 

Right testis; left 
testis. 

XX 


a »^umdentified autosome. 

W^auto»oine carrying the gene for white fle«h: w«the autosome carrying w, the receaeWe 
allele for yellow flesh. 

autosome carrying gene for the non-spangled character; p^^the autosome carrying the 
recessive allele for spangled. 
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have been found to be of the order of 2—4 per cent. We suggest that the 
cause of the abnormality in such cases is the elimination of an autosome 
from one of the two daughter cells that result from the first cleavage 
division, The side of the body which exhibits the recessive character is 
always the smaller'if lateral size differences exist. The second class 
includes all the fowls that have been described as gynandromorphs, 
together with the cases of Crew (1928) and Roberts and Quisenberry 
(^935)' them the lateral size differences are of the order of 10-15 
cent. We suggest that the cause of the abnormality in these cases is non¬ 
disjunction, one of the two daughter cells resulting from the first cleavage 
division being haploid in respect of a particular autosome, the other 
triploid. In such circumstances it is reasonable to expect that the side 
possessing the extra chromosome would show the effects of the interaction 
of three alleles. Whilst the haploid side would be smaller than normal, 
the triploid side would be larger, so that the resulting size differential is 
much greater than in a case of simple elimination. Moreover, those 
qualitative characters, the phaenotypic expression of which depends on 
gene balance (Bridges, 1932), would be affected. 

It is seen that all the cases in Class II have one feature in common: 
there is a great and easily observable difference in the size of the two sides 
of the body. It will be noted that we have proposed a combination of 
elimination and non-disjunction as an explanation of Roberts and 
Quisenberry’s case. In the light of the new evidence now presented 
this seems a more reasonable interpretation of the lateral size differential 
than double elimination. Circumstances did not permit Roberts and 
Quisenberry to make skeletal measurements or to examine the gonads 
of their bird, but it is clear from the published photographs that the two 
sides of the body differed markedly in size and that the bird was a typical 
cockerel in appearance. The possibility that it possessed ovarian tissue 
cannot be ruled out however. 

The large differences in size between the two sides of the body have 
been responsible in great measure for the primary identification and 
ultimate classification of the fowl gynandromorphs. It was this con¬ 
siderable lateral size difference, associated with the presence of a testis 
on the larger right side and ovarian tissue on the smaller left, which 
persuaded Macklin and Hutt to the view that the cause of this condition 
was the elimination of an X-chromosome. But our case D shows con¬ 
clusively that it is possible for a female, XY on both sides of the body, 
to exhibit not only a lateral size difference of 13 per cent., but also to 
possess a functional testis on the larger right side and a functional ovary 
on the left smaller side* Elimination of an X is certainly not the cause 
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Class II consists of the following cases:— 

Tabls hi. 


Case 

No. 

Author. 

Description. 

Gonads. 

Sex. 

Cause, 

t 

Macklin 

(1923)- 

I^eft side 14 per cent, 
smaller than right. 
Male feathers in 
hackle only. 

Right testis; left 
ovotestis. 

XV 

Non-disjunction involv¬ 
ing the autosome 
carrying a. 

Right side aaa; left a. 

2 

Crew 

(1928). 

Right side 15 per cent, 
smaller nian left. 
Left side white- 
fleshed; right yellow. 

Right testis; left 
testis. 

XX 

Non-disjunction involv¬ 
ing the autosome 
carrying W. 

Right side w; left 
WWw. 

3 

Roberts and 
Quisenberry 
( 1935 ). 

Right side with barred 
plumage and clean 
shank. Left side 

much larger with 
white feathers and 
feathered shanks. 

Unknown. Prob¬ 
ably testis on 
each side. 

XX 

Elimination of autosome 
carrying E on the left, 
together with non- 
disjunction involving 
autosome carrying F. 

Right side Kef; left 
eFFf. 

4 

Vecchi 

(1936). 

Left side predominantly 
white plumagcd with 
feathered neck and 
13 per cent, smaller 
than right side, 

1 which was brown- 
black and with naked 
neck. 

Right testis; left 
ovotestis. 

XX? 

Non-disjunction of auto- 
somc carrying N. 
Right side NNn; left n. 

S 

Hutt 

( 1937 )- 

Left side 13 per cent, 
smaller than right, 
which showed scat¬ 
tered male feathers 
and slightly wider 
barring. 

Right testis; left 
ovotestis. 

XY 

Non-disjunction of auto- 
some carrying a. 

Right side aaa; left a. 

6 

Present 
case D. 

Left side 13 per cent 
smaller than the right. 
Left side white- 
fleshed; right side 
yellow. 

Right testis; left 
ovary. 

■ 

XY 

Non-disjunction involv¬ 
ing the autosome 
carrying w. 

Right side Www; left 
W. 

7 

Present 
case E. 

Left side ii per cent, 
smaller than right. 
Left shank a lighter 
yellow colour. 

Right testis; left 
ovary. 

XY 

Non-disjunction involv¬ 
ing the autosome 
carrying a. 

Right side aaa; left a. 


Es=autosome carrying the gene for the extension of melanin; essthc autosome carrying the 
recessive allele (lack of pigment), 

F St the autosome carrying the gene for feathered shank; f=the autOsome carrying the recessive 
allele for clean shank, 

Nssthe autosome carrying the gene for naked neck; na=the autosome carrying the recessive 
allele for feathered neck. 


of lateral asymmetry in this case. Nor is simple elimination of an auto- 
some> for it is the larger side that exhibits the recessive character, A 
double autosomal elimination might be suggested, as it was in the case of 
Roberts and Quisenberry, if it is assumed that the chromosome eliminated 
from the smaller side carried the larger number of size genes. But there 
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was no genetic evidence that more than one chromosome had been in* 
volved. Moreover, if it is postulated that elimination had occurred on 
the larger side, then it must be supposed that loss of one and the same 
chromosome can sometimes result in a decrease in size (cases B and C 
and that of Crew, 1928), and at other times yield an increase (case D). 
The use of a size differential as a criterion for gynandromorphism by 
Macklin and by Hutt was, of course, not unreasonable, for the latter 
(1928) had shown that in the fowl the male is larger than the female by 
approximately 12-15 per cent. But a larger size in itself is no real criterion 
for maleness, for Crew’s (1928) case had a 15 per cent, lateral size difference 
and yet was completely male. 

To offer a satisfactory explanation of the dual nature of the gonads 
in these cases is a difficult matter, concerning which it is possible only 
to speculate- It is established that the normally atrophic right gonad of 
the XY female fowl may be induced to differentiate under appropriate 
stimuli, and that, when this happens, the gonad usually develops into a 
testis-like organ. Further, it is known that the earlier in the life-history 
the appropriate conditions are provided, the more complete is the differen¬ 
tiation (Domm, 1927, 1929). Formerly it was thought that this funda¬ 
mental duality existed only in the female, but the work of Wolff and 
Ginglinger (1935), Dantchakoff (1936) and of Willier, Gallagher and 
Koch (1937) has shown that the male also possesses asymmetric gonad- 
forming potentialities, the embryonic left gonad possessing ovarian 
cortical elements which, under appropriate circumstances, develop into 
ovarian tissue. It is apparent, however, that the male is the more stable 
of the two, the ovarian elements becoming manifest only when the neces¬ 
sary stimuli are applied very early in embryonic development, whereas 
the right gonad of the female can be induced to develop into testis-like 
tissue even after hatching. May it not be that the loss or gain of auto¬ 
somal material provides the necessary stimuli for the development of the 
rudimentary right gonad in an XY individual, and possibly also for the 
development of the cortical elements in the embryonic left gonad of the 
XX individual? We would suggest that the association of demonstrable 
aberrant autosomal distribution and male-female genitalia found in 
these cases is not accidental, but that the maldistribution of the chromo¬ 
somes is the cause of the gynandromorphism. 

In Tables II and III there are to be found seven cases in which the 
white-yellow flesh autosome is involved. The reason why this chromo¬ 
some figures so prominently is that the Light Sussex x Rhode Island 
Red cross is a very popular one. Since there are two sexes and two 
classes (due to elimination and to non-disjunction respe<::tively, we 
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suggest), there are four combinations: Class i, male; Class female; 
Class 2, male; Class 2, female. Disregarding Knoxes case^ in which 
the sex of the bird was not stated, the six flesh-colour mosaics can be 
classified as follows:— 

Class I, male. Present cases B and C, 

Class I, female. Lambert’s case, Crew’s (1932) case. 

Class 2, male. Crew’s (1928) case. 

Class 2, female. Present case D. 

It will be noted that none of the four birds in Class i possessed both 
male and female sex equipment; the elimination of the flesh-colour 
autosome did not affect the sexual characterisation of the individual, 
whether male or female. Similarly, maldistribution of this autosome 
left the sexual equipment untouched in the case of the male of Class 2, 
although it produced marked lateral size asymmetry. But the same kind 
of maldistribution in the case of the XY or genetic female of Class 2 was 
associated with a male sex equipment on the right side, and was, we sub¬ 
mit, the cause of the gynandromorphism. It would seem that an extra 
autosome is sufficient to swing the cellular balance in the male direction 
and provide the stimulus for the differentiation of the right gonad. 

If tissue possessing this extra autosome exhibits male organisation, 
then tissue haploid for this same autosome would be expected to be 
unbalanced in the female direction. But such an imbalance in female 
tissue would not produce recognisable modifications in the sexual 
characterisation, for this is already female (the cases of Lambert and of 
Crew, 1932), whereas in the male it might reasonably be expected to do 
so, particularly when it occurs in tissue ancestral to the left gonad which 
is known to possess ovarian potentialities. That this is not borne out by 
the facts (cases B and C) is not surprising when it is remembered that the 
stability of male tissue in the fowl is much greater than that of female 
tissue. 

It is not unreasonable to assume that in the fowl the autosomes differ 
among themselves in respect of their sex-determining potencies, and that 
certain of them are so loaded with male-determining properties that they 
can switch the sex from female to male when one is gained, and from 
male to female when one is lost. Vecchi’s case may indeed be an instance 
of this. The bird showed a lateral size difference of 13 per cent., but had 
a large male spur on each side. The comb was large, fairly erect and 
male-like. The internal genitalia consisted of a normal testis and a 
vas deferens on the right and an ovotestis on the left. There was no 
oviduct. The bird was thought to be a cross between a Leghorn and a 
Naked-necl^, and was mottled white and brown-black on the left, brown- 



Gynandromorphism and Lateral Asymmetry in Birds, 129 

black with very little white on the right. The larger side had the 
dominant naked*neck character, the left side possessed normal hackle 
feathers which were male-like. The rest of the plumage was henny. 
In general appearance the bird was male-like. This masculine appear¬ 
ance, the absence of the oviduct and the fact that the left gonad was 
composed mainly of testicular tissue, suggest to us that this bird was 
XX in constitution, and that the loss of the naked-neck autosome from the 
left side had induced survival and differentiation of the ovarian elements 
of the embryonic left testis. (Estrin derived from the ovarian portion of 
the ovotestis was responsible for the henny-feathering. The lateral size 
differential places this bird in Class 2, for which non-disjunction is sug¬ 
gested as the cause. The N autosome was lost on the left and gained on 
the right. The lighter colour of the left side can readily be explained by 
the loss of pigment-producing or pigment-intensifying genes linked with N. 

Simple elimination in this case would have produced the left ovo¬ 
testis and the female feathering but«^very slight lateral asymmetry, accord¬ 
ing to the hypothesis which we are now presenting, with the result that 
this bird would have closely resembled the so-called hermaphroditic 
fowl, e,g, those described by Boring and Pearl (1918) and by Hartmann 
and Hamilton (1922). It may be that such abnormality is the result of 
simple elimination of an autosome in an XX individual, and that inter- 
sexuality in the fowl is commonly caused by maldistribution of the chro¬ 
matin material. On the other hand, Vecchi’s case may be an instance 
of the conversion of an originally XY individual into a gynandromorph 
by non-disjunction, though this explanation does not account for the 
spurs or for the absence of the oviduct. It is impossible to state what 
the sex-chromosome constitution of the bird was, but the naked-neck 
autosome is certainly concerned in the production of the abnormality in 
this bird, and provides sufficient evidence to permit us to submit that 
since non-disjunction of an autosome is the cause of the gynandromorphism 
in case D, a similar aberrant chromosome distribution is also responsible 
for the same condition in Vecchi’s fowl. 

All the observations concerning white and yellow epidermal pigmenta¬ 
tion can be conveniently explained if it be assumed that W > w but 
that W < ww. In case D, for example, the left side is genetically W 
and white, whilst the right is Www and yellow. Crew’s 1928 case was 
WWw on the large side and therefore white, whereas the smaller side 
was w. The cases of Macklin and Hutt, and also the present case E, 
were pure breds, and therefore not pigment mosaics. But, since they 
all showed size and sex-equipment asymmetry similar to that in case D, 
it is likely that they may all be due to non-disjunction of this same white- 
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yellow autosome. The diflFerence in the shade of yellow on the two legs 
of case E strongly supports this suggestion. The larger shank was a 
deeper colour, as would be expected if the larger side were www and 
the smaller w. 

It is true that the left gonad in Macklin*s and Hutt*s cases included 
testicular tissue, but this could have been derived from the triploid cells 
of the right, which had become incorporated in the cortical elements of 
the left ovary, for it is established that the primordial cells of the differ¬ 
entiating gonad wander considerably and may be derived from either 
side. Confirmation of this is found in the results of the breeding tests 
in which fowl C was used, for these showed that the constitution of the 
testis did not necessarily correspond to that of the soma of the same side. 

The lateral difference in respect of width of barring in Hutt’s case is 
probably due to the action of modifying ground-colour genes carried on 
the misbehaving autosome, or else to a differential in feather growth-rate 
such that a greater feather length is formed during a physiological cycle 
of one bar. The occasional male feathers on the large side are probably 
to be explained on the basis of Lillie’s (1931) hypothesis. 

When the gain is on the left side, e.g, the pheasant first reported by 
Bond (1913) and re-examined by Huxley and Bond (1934), in which 
there was a great deal of overlapping and intermingling of plumage 
types, much of it being intersexual, the medulla of the left gonad does not, 
as is normally the case, degenerate completely, but develops into a medul¬ 
lary testis to yield an ovotestis. If, in such a case, there is a gonad on 
the right smaller side, it would presumably be testicular and be derived 
from the primordial triploid cells of the left. In all cases in which both 
fully differentiated testicular and ovarian tissues are present, the time is 
reached in development when the male and female sex-hormones take 
charge of th^ further sexual differentiation of the Wolffian and Mullerian 
duct derivatives, and the final result can be a complete male equipment 
on one side and a complete female equipment on the other. But the 
work of Greenwood and Blyth (1930) indicates that, if the testis were 
fully active in such a bird, the ovary would be limited in its functioning. 

The pedigree of case D enables us to eliminate many of the possible 
alternative explanations of gynandromorphism. An egg with two nudei, 
each of which became fertilised by a separate sperm, could not account 
for this case, for both sides were not white-fleshed. It does not seem 
reasonable to assume that one of the nuclei of such an egg remained 
unfertilised to give rise to one side of the body, this being haploid, for 
both sides are gold, and therefore each must possess the paternal X- 
chromosorhe. One side can hardly be haploid and paternal in dcrivatiott 
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as a result of polyspermy, since then the haploid side would be the smaller 
side, whereas the smaller side is the left, which exhibits the maternal 
white-flesh character. The large side might conceivably be haploid 
and paternal, but, if this is so, then the case of Crew (1928), which involves 
the same type and degree of size and flesh-colour asymmetry, and which 
was also the result of a Light Sussex x Rhode Island Red mating, must 
be due to some other cause, because the large haploid side is here white- 
fleshed, and thus maternal. So that we must assume either that in the 
one case the haploid side is the larger and in the other it is the smaller, 
or else that it is paternal haploid tissue in one case and maternal in the other. 
But while Crew’s case showed the dominant silver of the mother on both 
sides, many gold feathers, a paternal characte^r, also occurred on both 
sides. This partially suppressed display of recessive gold is characteristic 
of the nornial male out of this cross, and Crew’s bird therefore possessed 
both maternal and paternal chromatin on both sides, and could not have 
been haploid. 

We have shown that the lateral differences in plumage coloration in 
the Gouldian finch are determined by genetic, rather than by hormonal, 
factors. This being so, it is necessary only to assume that when the 
cellular constitution is altered in the male direction by somatic hetero- 
ploidy the plumage is also altered. If this is so, then the finch gynandro- 
morphs are due to non-disjunction rather than to elimination. The 
brilliant-coloured side of the finch gynandromorph is the larger side, 
and a priori this must be the trisomic side in the case of non-disjunction 
or the normal side in the case of elimination. Elimination is hardly 
possible, for then the bird would have to be a male originally, and the loss 
of an autosome must yield female feathering on the smaller side, whilst 
the internal genitalia should be predominantly or wholly male. But 
these birds were females, judged by their internal genitalia. The fact 
that these finches do not exhibit a 15 per cent, lateral size difference, as 
in the fowl, is no argument against the non-disjunction hypothesis, since 
in the finch, with its own peculiar chromosomal constitution, elimination 
and non-disjunction need not produce the same quantitative effects as they 
do in the fowl. There is no considerable size difference between male and 
female in the finch, and so the addition of an autosome to one side would 
not be expected to alter the size relationship of the two sides materially. 
The actual size difference found in these finches was of the order of 3-4 
per cent. If non-disjunction is the cause, then elimination would be expected 
to yield either no difference or else an undetectable one. The slight 
increase in sire of the side with the extra autosome following non¬ 
disjunction would seem to be due to the action of additional size genes, 
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Summary. 

1. Four new cases of lateral colour asymmetry in birds are recorded: 
a yellow-buff cock canary, a spangled-partridge Old English Game 
bantam hen and two yellow-white fleshed Fj cocks ex Light Sussex hen 
X Rhode Island Red cock. 

Four new cases of gynandromorphism in birds are described: two in 
the Gouldian finch; two in the fowl. 

2. It was found that all the mosaic birds examined showed lateral 
differences in respect of size, those in the fowl falling into two classes: 

(l) that in which the difference between the two sides was of the order of 
2-4 per cent; (2) that in which this difference was 10-15 cent. While 
in many cases measurements are not given, it seems likely that all cases 
reported in the literature belong to one or other of these classes. 

3. It is suggested that in the fowl the birds in Class i are instances 
of the elimination of an autosome, and that in those of Class 2 non-dis¬ 
junction resulting in bilateral heteroploidy has occurred, there being a 
gain of an autosome on the larger side, its loss on the smaller. 

4. It is suggested that heteroploidy provides a complete explanation 
of gynandromorphism in the fowl. 

$. It is argued that the gynandromorphic finch, a genetic female 
with male coloration on the slightly larger right side (3-4 per cent.) 
and female on the smaller left, and with an ovary on the left and no testi¬ 
cular tissue anywhere, is to be explained by non-disjunction rather than 
by simple elimination. It is shown that, in the Gouldian finch, male and 
female coloration are purely genetic characters, and that hormones play 
little or no part in their origin and maintenance. 

6. Spangling in the Old English Game bantam is shown to be a 
monogenic autosomal recessive. 

7. It is concluded that lateral gynandromorphism in birds is always 
the result of an aberrant chromosome distribution, that it is always asso¬ 
ciated with lateral size differences and that there are three types: 

(1) The sparrow- or finch-type, in which the plumage characterisation 

is genetically determined and follows the aberrant lateral 
chromosome distribution. 

(2) The fowl-type, in which the sex-dimorphic plumage characterisa¬ 

tion is subject to hormonal regulation, and so bilatcrality of 
plumage type is practically an impossibility. 

(3) The pheasant-type, in which a nearly normal sex type of plumage 

occurs on one side and an intersexual type on the other. 
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DESCRIPTION OF PLATE. 

Gouldian finch possessing male plumage on the right side and female on the left. 
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Introduction. 

Ophelia cluthensis is a Polychaete worm which has been known for some 
years from specimens taken from the sands around Millport, and parti¬ 
cularly from Karnes Bay. It was described for the first time by McGuire 
in I93S» and its general appearance may be seen in the Plate, figs. A, B. 

Fauvel (1925) describes a small Ophelia which he found in the sand 
at Saint-Vaast in 1899, and which he identified as a young O. limacina. 
His brief description, however, corresponds with that of the worm here 
described in the number of setigerous segments, and the number and 
position of the gills, as well as in its size, and it is probable that it was 
actually O. cluthensis. 

The family Opheliidae is a small one, upon which, apart from the 
early morphological work carried out by Claparfede, de Saint-Joseph and 
Kflkenthal, little seems to have been done. It is hoped, therefore, that 
this paper will be of some assistance in adding to our knowledge of thia 
interesting group. 

Habits and Distribution. 

O, cluthensis occurs most abundantly in the sand just below High 
Water Neap tides, where it is found burrowing beneath the surface, 
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probably just deeply enough to escape the shifting of the surface sand 
due to wave action. In Karnes Bay it is most plentiful at a depth of 
about two inches, and little difference is noticed in its position during 
rainy weather. 

It may often be seen when a little pool is made in the sand by digging 
a hole and allowing this to fill with sea-water. As the hole fills, specimens 
may be washed out of the sand as this crumbles away at the edge of the 
pool. The worm burrows beneath the surface immediately it settles on 
the bottom. Very often the worms, when washed out of the sand, are 
surrounded by sand grains which adhere closely to the body, held there 
by mucus which is exuded by the worm. This is especially noticeable 
with the smaller specimens, so that they are not easily seen. Specimens 
removed from the sand assume a flat spiral form, and it is a matter of 
some difficulty to make them straighten out for purposes of examination 
and section-cutting. 

A quantitative investigation of the distribution of the worms down 
the beach in a seawards direction was made as follows:— 

The sand inside a iS-in. square was removed to a depth of about 
3 in., and passed through a sieve of i-mm. gauge. The finer sand grains 
passed through, and the worms were retained along with the coarser 
grains. The contents of the sieve were immediately washed into jars, and 
the worms sorted out and counted. This was done for stations at regular 
intervals down the beach. 

It was thought that some of the worms, which are often less than 
I mm. in diameter, might pass through the sieve, but it was found that 
this was so only if they were allowed to settle, and an examination of 
sifted sand produced no further specimens. 

The figures given below are probably, therefore, a good approximation 
to the actual numbers of the worm present in the sand at the place inves¬ 
tigated. The counts were made on April 7, 1937. Ten stations were 
taken at S-yard intervals down the beach, the worms not being found 
beyond these limits. Since the worms were all either ripe or nearly so, 
it was possible to distinguish the sex. 

The figures obtained were:— 


Station No. 

I. 

2. 

3* 

4 - 

5* 

6. 

7 . 

8. 

9‘ 

id. 

No. of 

0 

I 

9 

62 

37 

35 

13 

10 

7 

0 

No. of . 

. 0 

0 

9 

52 

35 

32 

lO 

11 

6 

0 

Total 

. 0 

I 

18 

114 

72 

67 

23 

21 

13 

0 


Intertidal range 180 yd. 

Fig. I illustrates this zonation graphically. 

From the above table, it will be seen that the sexes are almost equally 
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represented, the males only slightly outnumbering the females. Also, 
the figures give some idea of their abundance. At their maximum 
density, 114 worms were taken from the is-in. square sample, while at 



no station were there more than a dozen Polychaetes of other species. 
This suggests that Ophelia cluthensis plays an important part in the 
ecology of the beach. 

The specimens taken from Stations 4, 5, and 6 were found to be 
more advanced in their development than those taken from elsewhere. 

A similar survey was made by Dr A. C. Stephen of the Royal Scottish 
Museum, in Karnes Bay, on September 24, 1935. His stations were 
40 yd. apart, Station i being at High Water Neap tide mark. His results 
were:— 

Station No. ..... i, 2 , 3 . 

No, of worms per sq. metre . ,10 273 o 

Dr Stephen also made counts on Fairlie sands on June 3, 1937, at 
stations 100 yd. apart, and his results were:— 

Station No.i. 2. 3. 4. 5. 

No. of worms per sq. metre . . 6 26 28 22 o 

Intertidal range about 1500 yd. 

A survey of the beach at Karnes Bay was undertaken by Mr Richard 
Elmhirst, of Millport Marine Biological Station, on June 7, 1937, in 
order to investigate the area occupied by the worms along the beach. 
On this date they were only found in any numbers within a belt 20 to 25 
yd. wide, almost from one end of the beach to the other (fig. 2). 

It is difficult to account for this restricted distribution. Wohlenberg 
( 1937 ), in his researches at Kbnigshafen, Sylt, has found O. cluthensis 
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there to be similarly restricted. He finds it most abundantly on a sand¬ 
bank, which it occupies along with Scolecohpis squamata to the almost 
complete exclusion of other species. This sand-bank is composed of a 
clean coarse-grained sand which is very unstable, and Wohlenberg 
suggests that this instability of the sand is the main reason for the absence 
of other species and for the large numbers of O, cluthensis. 



At Millport and Fairlie, however, the sand is fine-grained and quite 
firm, so that here at least there must be some other limiting factor. 

Besides the localities mentioned, < 7 , cluthensis has been found at 
Aberlady, Firth of Forth; Balloch Bay, Cumbrae; and White Bay, 
Cumbrae. The species is, however, probably much better represented 
on British coasts than this small list would indicate, and should be found 
occupying the upper third of the Neap tide range in beaches having a 
clean surface sand. It has probably escaped notice so far because of its 
small size and narrow zonation. 

It is interesting to note that in Karnes Bay the belt crossed the small 
stream which spreads over the beach towards the west end of the bay, 
and indeed the larger specimens seemed to be most plentiful in the 
track of the stream. This, however, may possibly have been due to the 
fact that those beneath the fresh water were more expanded than those 
elsewhere. 

Examination of the contents of the alimentary canal of the worms 
indicates that they feed on organic matter which they find in the sand, 
and which is taken in with the sand grains which the animals are constantly 
swallowing. 
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Nearly every specimen I have examined has been infected with a 
large number of gregarine parasites, which can be seen in sections attached 
to the epithelium lining the anterior end of the intestine. 

Methods and Technique. 

The worms were kept alive in shallow glass dishes which were filled to 
a depth of about 2 in. with sifted (but unwashed) sand. It was found that 
the use of sifted sand was necessary, as worms kept in the mixture of 
coarse sand and beach shell debris in which they were collected soon died, 
due to the difficulty they experienced in burrowing. Rapid decomposition 
of organic matter in this mixture was also partly responsible. The 
glass dishes were placed in a large tank filled with sea-water to a depth 
of about 6 in., and this was kept well aerated. No arrangement was made 
in the tank to give a tidal effect, as the worms were found to live quite 
well without it. Indeed, many of the worms survived for about eight 
months under these conditions. One essential was coolness, and a 
prolonged spell of warm conditions in the tank was generally accompanied 
by a high mortality. 

Removal of Sand Grains from Alimentary Canal ,—In an endeavour 
to remove the sand grains from the alimentary canal before sectioning, 
the worms were kept for a few days in clean sea-water before fixing; 
but although many sand grains were voided during this time, few worms 
had a completely sand-free gut. It was thought inadvisable to leave 
them for a longer period, as they occasionally showed signs of internal 
disintegration after prolonged periods without food, and they could not 
be induced to feed on soft matter alone. Portions of the alimentary canal 
in some specimens were found to be free of sand after a period in clean 
sea-water, and these portions were employed for sectioning. 

Narcotising .—Various narcotising reagents, e.g, chloral hydrate, 
menthol and absolute alcohol, were tried, but none was entirely satisfactory. 

For examination of the external features of the worm, fresh water 
was the most useful, as this was the surest method of causing them to 
expand. It is evident that the expansion of the body is in this case 
due to turgidity as a result of osmosis, and for this reason specimens so 
expanded were not used for sectioning. The worms can, however, 
survive immersion in fresh water for a considerable period without undue 
harm, for they recover their normal powers of movement on reimmersion 
in sea-water. This faculty must obviously be correlated with their mode 
of life in the sand, where the salinity of the water at a depth of about 
2 in. must be reduced after a period of wet weather at low tide. Indeed, 
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the worms, as has been shown, occur in Karnes Bay under a fresh-water 
stream, where the salt content must be considerably lower than that of 
sea-water. Reid (1930) has given the salinity for different depths in 
sand under a similar fresh-water stream in the intertidal zone, and while 
his figures show that this is almost equal to that of sea-water at a depth 
of about 10 in., at 2-4 in. it shows a considerable decrease. 

Sectioning .—The best results for microscopic study were obtained 
by fixation in Bouin*s fluid and clearing in cedarwood oil. Sections 
were cut at 10 jjl. 

Staining .—The most satisfactory stain for general purposes was 
Ehrlich’s haematoxylin, counterstained with eosin, and most of the sections 
were stained in this way. Mallory’s triple stain was also used. Intra- 
vitam staining with Griibler’s methylene blue was tried, but with poor 
results. This stain is useful, however, for showing the number of seti- 
gerous segments of live specimens, as the chaetae take up the stain very 
quickly, and those of the first segment, normally difficult to distinguish, 
become at once apparent. 

Whole mounts were stained with borax carmine. 

Dissections .—These were carried out on freshly killed material, and 
on preserved specimens under 70 per cent, alcohol, in a solid watch-glass 
half-filled with blackened paraffin-wax. The finest obtainable entomo¬ 
logical pins were used to pin out the body-wall. The small size of the 
worms and their tough body-wall necessitated the use of a binocular 
microscope and great care in dissection. The best results were obtained 
from individuals that were either immature or had shed their ova or 
sperms. 

Dissections were stained with borax carmine and mounted for further 
examination. 


External Features. 

Ophelia cluthensis varies in size within fairly wide limits. The adult 
males when expanded commonly range from about 9-5 mm. to 15 mm. 
in length, and the adult females from ii mm. to 18 mm., but exceptionally 
large specimens up to 20*5 mm. have been found. The breadth ranges 
from about 0*9 mm. to 1*3 mm. 

When taken from the sand the worms have a pinkish colour, due to 
the haemoglobin of the blood showing through the translucent body-wall. 
The males are almost indistinguishable from the females to the naked 
eye, although the larger females, if they are ripe, are unmistakable, for 
they show numerous white patches. These patches are masses of eggs 
which lie free in the body cavity, and which are continually in motion, 
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surging backwards and forwards with the movements of the animal. 
The ripe males present a more diffuse general whiteness, due to the 
concentration of sperms in the coelome. 

When examined by reflected light, the skin is seen to be iridescent. 
The cuticle exhibits very fine striae running in a regular manner diagonally 
across the surface in both directions, and crossing at right angles (fig. 10), 
and it seems probable that these are responsible for the iridescence. There 
are no pores in the skin such as those described by de Saint-Joseph (1898) 
in 0 , neglecta. 

The cuticle, 4-6 fjb in thickness, covers the body-wall, and it is quite 
translucent, the larger blood-vessels being distinguishable through it. 
The great blood sinuses which surround the alimentary canal, particularly 
the intestinal blood sinus, give the worm its pinkish colour. Often the 
stomach shows as a dark patch lightly tinged with red (PI., figs. A, B, St.). 
This dark colour does not appear to be due to the stomach contents, for 
specimens with apparently empty stomachs exhibit it; nor does it appear 
to be due to the structure of the stomach wall, as sections of this show no 
trace of pigment. 

Some specimens have a bluish or purplish tinge. This may be due 
to a deterioration in their condition, as many specimens change to this 
colour after a period in captivity under unfavourable conditions. 

The body is composed of 2$ segments, the first 24 of which bear 
setae (PL, figs. A, B). It is divided into two parts of unequal length— 
an anterior more or less cylindrical part, swollen, tapering anteriorly, 
and terminating in the pointed head. This region comprises eight 
setigerous segments, and extends backwards to about one-third of the 
length of the animal from the head. The division between the two parts 
of the body is not abrupt, however, and may be farther back. This is 
due to the fact that the oblique muscles in this region may be relaxed, 
thus temporarily giving the ninth, and perhaps even the tenth, segment 
a cylindrical form. 

The second part is narrower, and comprises the posterior two-thirds 
of the body. It is composed of 17 segments, and includes all those 
bearing gills. It is rounded dorsally as in the first region, but there is a 
deep furrow on the ventral side (PL, fig. B, V.gr.). This posterior furrow, 
characteristic of the genus, is caused by the attachments of the oblique 
muscles (fig. 9, 06 .m.) along each side of the mid-ventral line. These 
muscles when contracted are responsible for the appearance of two large 
folds, which extend along the whole posterior end of the animal, one on 
each side of the ventral groove (PL, fig. B, L.v.f .). 

There are usually nine pairs of gills (PL, fig. A, borne on 
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segments 12 to 20, but specimens with eight pairs of gills, borne on 
segments 13 to 20, are not uncommon, while a few have 10 pairs, on 
segments 12 to 21. In specimens with 10 pairs, the first pair is generally 
small. Posterior to the gilbbearing segments is a short, highly retractile 
region of 5 segments; the first four are setigerous, while the anal segment 
is achsetous. 

The prostomium (PL, fig. A, Frost.) is small, about 0‘6 mm. in length, 
and is conical in shape. It is fairly mobile, being well supplied with 
muscles, and this, together with its stiffness, renders it a very useful 
burrowing organ. At the base of the cone the bilobed brain can be seen 
through the body wall (PL, fig. A, Brn.). Embedded in the substance of 
the brain there are three eyes, readily visible with a lens as black spots. 
These eyes represent the two anterior and the left posterior eyes, the 
right posterior eye being absent in this species. 

The conical head expands posteriorly, more or less abruptly, to join 
the first setigerous segment. At the anterior end of this segment there 
is a groove on each side running dorso-ventrally (fig. 7, Ntu. gr.). This 
is the nuchal groove, formed by the invagination of the nuchal organ, 
which will be described later. The first segment enlarges in diameter 
from the head backwards, and extends to the mouth (PL, fig. B, Mth.)y 
which is placed at the posterior extremity of this segment. The mouth¬ 
opening is a transverse slit of about 0*35 mm. in width, and possesses an 
anterior and a posterior lip. Anterior to the mouth is a smooth elongated 
triangular region, slightly more convex transversely than the general 
body surface, and bounded by a pair of shallow grooves which run round 
the sides of the mouth and forward to the head. These grooves also 
enclose behind the mouth a smaller triangular area, at the posterior end 
of which they unite and the shallow groove thus formed runs backwards 
along the mid-ventral line into the posterior ventral furrow. The segment 
is encircled by about ten little annuli, although this number is variable. 
These annuli are bounded by thickenings of the cuticle, rounded in 
section (fig. 13, Ann.)y and these are very definite in this region of the 
body. Two small pits sometimes show in the dorsal body wall on each 
side of the middle line at about the seventh annulus. These are formed 
by the attachments of the labial muscles. 

At the hinder limit of the first segment on each side are two groups of 
chaetae, a dorsal and a ventral in each case, but closely approximated 
(fig- 3» The chsetae of this segment are very small, and often 

difficult to distinguish, and a few specimens have been found in which 
they were entirely absent on one side. 

The remaining segments of the anterior region are all more or less 
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Figs. 3-8.— An., anus; Ann., annular thickening of cuticle; JBr}, first gill; Brn,, 
brain; Ch. pop., cheetal papilla; D. pap., dorsal anal papilla; Lat. pap., lateral anal 
papilla; L.vj., latero-vcntral fold; Neph.^, first nephridium; Neurm,, neuropodium; 
N.O^, external opening of first nephndiura; Nairn., notopodium; Nuc. nuchal 
groove; Nuc. arg., nuchal organ; Prab., proboscis; Prob. cil., ciliated portion of 
proboscis; Pp^^^ PpmP, etc., first and fourth parapodia, etc.; Prosi., prostomium; 
Veni. pap., ventral anal papilla. 

Flo, 3. —Side view of head end showing proboscis fully extruded. (x 33.) 

Flo. 4. —Side view of middle of worm induding segments and 14. ( x 33.) 

FlO. 5,—Side view of hind end of a specimen with ten pairs of gUls. The anus is in its 
normd closed position. ( x 23.) 

Fio. 6 .—Anal region widely open, viewed from above and behind. ( X41.) 

Fio. 7 .—^Dorsal view of nead showing the nuchal grooves formed by the retracted nuchal 

organs, (xw,! 

Fio. 8.—Dorsal view of head with nuchal organ extruded. (x 59.) 
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similar to each other, having hve or six little annuli, and bearing at the 
hind end of each segment two groups of chaetae, similar to those of 
the first segment, but becoming progressively larger in the succeeding 
parapodia. 

Towards the posterior end of- this region the annuli become less 
conspicuous, owing to the fact that the cuticular thickenings become less 
distinct and finally disappear, so that internal structures give the only 
indication of the subdivision of segments. 

The ninth, tenth and eleventh segments are similar to the eighth 
except for the appearance of the latero-ventral folds, which bear the 
chaetae. The gill-bearing segments follow, and in these the gills and 
chaetse are borne on the latero-ventral folds (fig. 4). The gills are simple 
tubular structures, filled with blood and consequently red, usually held 
pointing upwards and backwards, and the cheetae emerge from the body 
wall just ventral to the gills. 

In segments 13, 14 and 15, on each side just anterior to the chaetae, 
there is a small pore (fig. 4, which is situated on a small papilla. 

These are the external openings of the three pairs of nephridia, which 
may be seen through the body-wall as whitish areas. 

The chaetae of the middle region (fig. 12) are simple structures, about 
0*8 mm. long in the notopodium and 0*6 mm. long in the neuropodium. 
They are about 8 /i wide and taper gradually to a fine point. They arc 
brittle, and when seen under a high magnification are found to be striated 
along their length. They are thus similar in structure to those of O. 
limacina figured by McIntosh (1915). Where each group of chaetae 
leaves the body wall there is a small papilla (fig. 4, Ch, pap,)^ and this is 
most marked in the segments of the posterior region. Smaller curved 
bristles occur at the base of the chaetae, and these may be growing chaetae 
which are destined to replace the larger ones. 

The four posterior setigerous segments show a successive tapering 
towards the anus, and are very retractile. Their chaetae are often slightly 
longer than those of the middle region, although similar in structure. 

The anal segment is achaetous, but bears at its posterior extremity 
twelve papillae surrounding the anus (fig. 6). There is a small dorsal, 
papilla (i>. pap), a single large ventral papilla {Vent, pap), and five 
lateral papillae {Lat. pap) on each side. McGuire (1935) describes 
O. cluthensis as having nine small and two lai^e anal papillae, but in all 
the material I have examined there has been only one large anal papilla, 
although occasionally variations in the number of lateral papillae have 
occurred. The ventral papilla is a direct continuation of the latero- 
ventral folds, Vhich fuse in the pre-anal segment. 
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Ophelia cluthensis thus differs from the other species of Ophelia 
described by Fauvel (1927), as these all have two large ventral papillae, 
quite separate and distinct. Another specific feature is the fact that the 
lateral and dorsal papillae of this species are much shorter than those of 
other species, in which the anal papillae are all more or less elongated. 

The circular muscles of the anal region are contracted in the normal 
state, and the papillae are thus drawn together around the anus. The 
ventral papilla bends dorsally and closes the anus like a valve (fig. 5). 
There is no trace of a membrane enclosing the anus, such as that described 
by de Saint-Joseph (1898) in O, neglecta. 

Internal Anatomy. 

Musculature .—Underlying the epidermis, circular muscles occur only 
in the anterior region of the body, and in the last few segments. An¬ 
teriorly, they run in bands around the body between the annuli (fig. 13, 
Cire.m.). The dorsal longitudinal muscle bands run along the whole 
length of the body, and lie internal to the circular muscle bands, between 
which they are connected to the epidermis (fig. 13, L.M.D.). Along each 
side of the body there is an area in which the longitudinal muscles are 
not apparent, and in this region the chsetae are inserted (fig. 9). The 
ventral longitudinal muscles are best developed in the posterior region of 
the body, where they form the thick trunks traversing the ventral side of 
the lateral folds (fig. 9, L.M.V,). They run forward uninterruptedly, 
however, into the anterior part of the body, where they split up into 
smaller bands more comparable in size with the dorsal muscles. 

The large oblique muscles occur in the middle and posterior regions 
of the body. As has been noted, they are responsible for the characteristic 
shape of the worms, for when they are relaxed the worms become cylindri¬ 
cal throughout their length. They run from the ventral side of the body 
to the sides, five or six bands in depth, commencing at the mid-ventral 
line (fig. 9, 06 .m.), These, together with the ventral muscles, are 
obviously the most useful in burrowing. 

Each chaeta-sac has attached to its inner surface a pair of short pro¬ 
tractor muscles which run to the body wall anteriorly and posteriorly to 
the sac. They also have a retractor muscle (fig. 11, Ch.r.m.), which is 
attached to the body wall close to the mid-ventral line. 

There are two pairs of retractor muscles for the eversible proboscis, 
and they are attached to the dorsal body wall. Retractor muscles for the 
nuchal organ are also present (fig. 14, Nuc.r.m.), and these are attached 
to the ventral side of the first segment on the side of the body opposite 
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Fios. 9“i4.— Ann.f annular thickening of cuticle; Si, s. int.y intestinal blood sinus; 
Br,^ gill; Ch,^ chaeta; Ch. r, w., chsetse retractor muscle; Ch, x., chasta-sac; Circ, m., 
circular muscle; Coel, €orp., coelomic corpuscle; C&el. epitk,, coelomic epithelium; Cut,, 
cuticle; Ep,, epidermis; L,M,D,, dorsal longitudinal musde; Z,M,K, ventral longi¬ 
tudinal muscle; latero-ventral fold of body; JVepk,, nephridium; Neurm., 

neuropodium; Notm., notopodium; Mu,, nucleus; J^uc, gr,, nuchal groove; Nuc, 
erg,, nuchal organ; Nuc, r. m., nuchal retractor muscle; Ob. m,, oblique musde; Sp, 
gr,, group of developing spermatozoa; V,b,v,, ventral blood-vessd; V.J., ventral fold of 
intestine; Vm,c,, ventral nerve oonL 


Fto. 9.—Transverse section through the fifteenth segment of the body of a male 
(semi-cUa^ammatic). ( x 

Fio. 10.—^Small portion of cutide from the antenor r^on of the body4 (xfizo,) 
Fia. II*—Thick transverse section through the parapod&m of one of the gUl-bearing 
segments (setni*diagrammatlc). (x 125.) 

Fio. 12.—Distal half of a notopodial chseta. ( x 310.) 

Fig. 13.—Longitudinal section through the dorsal body-wall at the anterior end of the 


Fig. 14.—^Longitudinal 


worm. (X145.) 

section through the nuchal organ, half-extruded (section slightly 
diagonal), (xiioj 
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to the organ it controls. The two muscles cross one another at their 
middle. The head is provided with a complicated muscular system, and 
this is correlated with the movement necessary for the head in burrowing. 

The body cavity is undivided by septa, except in the anterior region 
where there are two, at the hind ends of segments 2 and 3. They form a 
conical caecum which projects backwards dorsal to the oesophagus, one 
septum being inside the other (fig. 25, Caec.). (One specimen showed two 
conical sacs, each formed by the backward projection of both septa in two 
places, lying side by side above the oesophagus.) The presence of this 
organ in other species of Ophelia has been the cause of much discussion 
by early workers, and it has been described at different times as a respira¬ 
tory vesicle, a salivary gland, a fleshy heart, and a digging organ. De 
Quatrefages (1865) considered it to be an exsertile funnel, but Claparide 
(1868) has described it as an injector organ, the contraction of which, 
by increasing the turgidity of the body in front of the caecum, stiffens the 
cephalic region of the animal, and is thus an aid in burrowing. In this 
view he is supported by Pruvot (1885) and de Saint-Joseph (1898). Unfor¬ 
tunately, it is difficult to observe any contractions of the caecum through 
the body wall, but these doubtless take place, as both septa forming the 
caecum have a well-developed muscular coat. This conical caecum is 
probably homologous, as de Saint-Joseph (1898) has said, with the 
oesophageal diaphragm of Terebellids. A similar, though much smaller, 
organ has been described by Ashworth (1904) in Arenicola. 

Coelome and Coslomic Fluid ,—The coelome is spacious, especially in 
the anterior swollen part of the body, and is continuous from side to side 
and from end to end of the animal, except where it is interrupted by the 
septa mentioned above. 

The coelomic fluid contains the reproductive cells in various stages of 
development. Also suspended in the fluid is a large number of lymphatic 
corpuscles, two kinds of which are readily distinguishable. Those of the 
first type are small discoid cells, commonly about 15-20/11 in diameter, 
the periphery of which has a frill formed by narrow processes (fig, 15), 
Their ectoplasm is clear, and their endoplasm is of a granular nature, 
enclosing a central nucleus. Those of the second type are characterised 
by their possession of a dark-brown solid inclusion, occasionally in the 
form of two or three spherical bodies (fig. 19), but generally rod- or club- 
shaped (figs. 16, 17, 18). Typical rod-cells may be found in the body-fluid 
varying in size from 40 to iSO>. They are elongated, and, like the 
simple corpuscles, the endoplasm is granular, while the clear ectoplasm 
may form radial processes, often difficult to distinguish. The nucleus is 
usually opposite the middle of the dub. 
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Schaeppi (1894), who has studied these corpuscles in O, radiata^ 
describes the development of the rod-cells from the simple discoid type^ 
and shows that the rod is formed by the aggregation of chloragogen 
granules which are formed in the cell. 

The coelomic fluid is almost continuously in motion, even when the 



Figs. 15-19.—Lymphatic corpuscles. C$nt, i., central body of the lymphatic corpuscle; 
CenL f/,, axial club; Lat. pr.^ lateral processes; nucleus. 

Fig. 15.—^“Radial** type. ( X650.) 

Figs, 16 and 17.—Common “dub*^ types. ( X470.) 

Fig. 18,—End view of **club'* type. ( x 460.) 

Fig. 19.—Exceptional type. (X730.) 


animal is at rest, owing to the movement of the stomach, which is con¬ 
stantly being jerked backwards and forwards during life. 

Alimentary Canal .—The mouth opens on the ventral side at the 
posterior extremity of the first segment. It leads by a short tube, running 
dorsally, and flattened antero-posteriorly, into the proboscis or eversible 
portion of the buccal region. This portion lies dorsal to the mouth and 
can be seen on dissection to be retracted into a much convoluted mass, 
with two main longitudinal and many smaller longitudinal and lateral 
folds (fig. 25, Prob.). This proboscis can, on relaxation of its retractor 
muscles, be blown out by contraction of the muscles of the body-wall, 
and this may be helped by contraction of the muscles of the injector 
organ. When exserted, the proboscis has a button-shaped appearance 
(fig. 3, Prob.), and the ventral and internal portion of it is ciliated {Prob, 
ciL). When feeding, the everted proboscis engulfs one or two sand-grains, 
together wit^i any food particles in their vicinity, and is then withdrawn. 
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The proboscis is followed by a short oesophagus (fig. 25, Oes^, the wall 
of which is slightly convoluted (fig. 20), but a peri-oesophageal blood 
sinus such as has been described by de Saint-Joseph (1898) in O. neglecta 
does not occur in this species. 

The oesophagus leads into the wider stomach, the walls of which are 
thrown into a complicated series of folds. A large blood sinus surrounds 
the stomach, the blood filling the spaces between the folds. These folds, 
as may be seen in transverse section (fig. 22, St. fd$^^ are not confined to 
the outer surface of the stomach, for a large ventral fold gives rise to a 
further series of internal secondary folds, almost completely filing the 
interior of the stomach. It is obvious that the stomach is not constructed 
in this way to allow of expansion when filled with sand, for the periphery 
of the stomach is greater than that of the body-wall itself. Further¬ 
more, the membrane which surrounds the peristomachal sinus allows 
little margin for general expansion. It seems probable, therefore, as is 
thought by Schaeppi (1894), that the importance of these folds lies in the 
fact that they increase the surface of the stomach wall which is brought 
into contact with the blood in the sinus, forming an alimentary respiratory 
system. 

The stomach has a slight loop when the animal is moving about in 
the sand, and this permits the swinging movement of the alimentary canal, 
which goes on vigorously and almost continuously. A similar movement 
is described in other limivorous forms, notably by Ashworth in Arenicola 
(1904) and Scalibregma (1901). 

The stomach is constricted at its posterior end (fig. 23), and passes 
over into the intestine at about the level of the ninth pair of chaetae. The 
intestine is narrower than the widest part of the stomach, and is not 
thrown into sinuous folds like the latter. A ventral fold is still present, 
and fairly extensive (fig. 9, Vf,), but no secondary folds occur. The 
intestine is surrounded by a blood sinus, which is more capacious than the 
peristomachal blood sinus. The intestine continues backward to the 
anus without change in character. 

Blood System .—The blood, as in other members of the Opheliidae, is 
red, due to haemoglobin dissolved in the plasma. Scattered throughout 
the blood there is a number of blood corpuscles. They are about 7-9 ^ 
in size, roughly spherical or slightly ovoid in shape, sometimes with short 
radial processes, and possess a large nucleus. They are comparatively 
few in number, and their function is unknown. 

The great sinuses which surround the stomach and intestine have 
already been mentioned. Their walls are thin, but the wall of the intes¬ 
tinal blood sinus becomes thicker towards its posterior end. At the 
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anterior end of the intestinal blood sinus, on the dorsal side, a large 
blood-vessel is given off, and this runs forward almost immediately into 
the heart (fig. 25, Ht^. The heart lies dorsal to the posterior end of 
the stomach, and is simply a swollen part of the dorsal blood-vessel; 
indeed, when seen in systole, there is little to differentiate it from the 
rest of the dorsal vessel. 

Immediately in front of the heart, the dorsal vessel gives off a branch 
on each side, which travels round the stomach in a ventero-posterior 
direction to the ventral side of the alimentary canal at the junction of the 
stomach and intestine, where it unites with its fellow to form the posterior 
ventral vessel. Like the dorsal vessel, these branches are contractile. 
They give off a number of small vessels to the ventral body wall and 
muscles, and also to the seventh and eighth chaeta-sacs. The dorsal 
vessel also gives rise to another pair of lateral vessels which pass round 
the anterior end of the stomach. These give rise to smaller vessels which 
supply the sixth chaeta-sacs. Farther forward, two more pairs of lateral 
vessels can be seen, and these go directly to the fourth and fifth chaeta-sacs. 

The dorsal vessel then runs forward through the two septa and emerges 
on the dorsal side of the retracted proboscis. It goes forw^ard almost as 
far as the brain, bends back on itself, and travels ventrally towards the 
mouth. In this region it splits into two side trunks, much reduced in 
size, and these supply the proboscis. 

The anterior ventral vessel arises behind the mouth and beneath the 
proboscis, and runs backwards, receiving a few vessels from the body-wall, 
finally disappearing into the peristomachal blood sinus. 

The posterior ventral vessel originates at the anterior end of the 
intestine, and is formed by the fusion of the two branches from the dorsal 
vessel just anterior to the heart. It runs backwards, giving off on each 
side a small branch to each chaeta-sac: An afferent branchial vessel 
supplies each gill, together with the nephridium where present, and an 
efferent branchial vessel returns from the gill to the intestinal blood sinus. 
The stomachal blood sinus gives off a few vessels to the dorsal and 
ventral body-wall. All the vessels going to the body wall are long and 

LMM,t dorsal longitudinal muscle; L.M.V.t ventral longitudinal muscle; 
mouth; Oes.y cesophagus; proboscis; Prob. fds., folds of proboscis; Prost.^ 

prostomium; inner and outer sacs of injector organ; .Sr., stomach; Stfds.^ 

stomach folds; V,h,v,^ ventral blood-vessel; F./., ventral fold of intestine; 

ventral nerve cord, 

Fio. zo.—T.S. of worm through segment 4. ( x 32,) 

Fio. 31.—T.S. at anterior end of stomach. (x 32.) 

FiC, 22.—T.S. at posterior end of stomach. ( x 32.) 

Fig. a3.-“Median longitudinal section through the anterior end of the worm 
(semi-diagrammatic). (X25.) 

Fio. 24.—Section through a giU at right angles to axis of body. (x 315.) 
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often looped, so as to allow the alimentary canal to swing freely in the 
coelome. 

Gtlls .—The gills are small, tapering hollow tubes which arise from 
the latero-ventral folds of the body, dorsal to the chsetae. Tfiey are about 
0*7 mm. long, and are very slightly ringed transversely, giving a scarcely 
perceptible hooped appearance. In life they are red, due to their abundant 
blood-supply. They are seen in section (fig. 24) to be constructed in a 
basket-like fashion, with a series of cubical spaces around the periphery. 
The whole surface of the gill is ciliated, and a current of fresh sea-water 
is thus made to pass continuously over the gill. 

Each gill is supplied by an afferent vessel arising from 

the ventral blood-vessel. It enters on the outer side of the gill, 
keeping close to the basket-work and running up to the tip. In its pro¬ 
gress it breaks up into fine branches, which run transversely round the 
gill in the middle of the cubical spaces. These capillaries collect again 
on the inner side of the gill and form an efferent branchial vessel 
which leaves the gill and opens into the intestinal blood sinus. 

Nervous System ,—The cerebral mass is situated partly in the pros- 
tomium and partly in the anterior portion of the first body segment. It 
is very small, being only 0*2 mm. broad. It is roughly square in shape 
as seen from above (fig. 29), with a small lobe at each side of its posterior 
end. It is orientated in such a manner that its anterior is lower than its 
posterior end, and is thus seen from th^ side to be sloping at an angle 
of about 45° (fig. 28). It has two dorso-lateral lobes {Nuc, Tr.) which 
abut on the inner side of the nuchal organs, and two anterior lobes {L, ant,) 
which run forward into the prostomium. As Pruvot (1885) points out, 
these are not nerves, but actually prolongations of the cerebral mass. 
Sections of the brain show it to be composed of two regions, an antero- 
dorsal densely nucleated part and a postero-ventral non-nucleated part. 

The eyes are embedded in the substance of the brain. There is a 
right and left eye placed anteriorly (E. ant.), and a single posterior eye 
{E. post.) situated just in front of the left posterior lobe of the brain. The 
eyes are slightly flattened spheres about 20 ix in diameter. They consist 
of a lens surrounded by a large number of closely aggregated dark-brown 
pigmented granules. The pigment dissolves out when left for a long time 
in alcohol. 

The oesophageal connectives (fig. 28, Oes. comm.) arise from the 
vemtral side of the brain, and pass backwards towards the mouth along the 
ridges forming the boundaries of the triangular areas in the mouth region, 
These ridges are seen from the exterior as grooves. The connectives are 
small and flat where they leave the brain, but they enlarge slowly on their 






Aff. h,v,f aiferent branchial vessel; Bm.t brain; Ca^c., injector organ; CA.j.'*, 

first and twelfth chseta-sacs; Circ, m., circular muscle; £>,b.tf,y dorsal blood-vessel; 
Bff, w., efferent branchial vessel; heart; /«/., intestine; dorsal longi¬ 
tudinal muscle; Mth,^ mouth ; Neph^-Neph}^ the three nephridia; second 

nephridial opening; Oh. w., oblique muscle; Ow., oesophagus; Ots. comm,^ oesophagwd 
commissures; Pd. first pedal nerve; j^oh.t proboscis; /Vvr/,, prostomiuin; S,»,, 
inner and outer sacs of injector organ; Sr., stomach; Sr. stomato-gastric 
nerve* V.n.c., ventral nerve cord- 
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way backwards, until they meet behind the mouth, where they become 
slightly swollen out before joining the ventral nerve cord (fig. 25). Just 
before they meet the ventral nerve cord they pass through the anterior 
septum which forms the inner sac of the injector organ, so that the actual 
junction takes place in the middle of the third body segment. 

Opposite the mouth, each cesbphageal commissure gives off a small 
branch (fig. 25, St,g.n.) which runs along the ventral body-wall and up 
the side of the tube leading into the proboscis; this is the stomato-gastric 
nerve. The first pedal nerves are given off on each side just in front of 
the junction with the ventral nerve chain (fig. 25, Pd.n.^). These supply 
the first pair of chaeta-sacs. 

The ventral nerve cord passes back through the second septum and 
along the mid-ventral line almost to the anus. It is a thick band, slightly 
flattened dorso-ventrally, and its edges are almost parallel—that is, there 
is no obvious aggregation into ganglia. In transverse section (fig. 30), 
the cord is seen to have three nuclear groups—a central (Gr, nu. med.) 
and two lateral {Gr, nu. lat.). The histology of the central nervous 
system of Opheliids has been studied’by Kukenthal (1887), 

The ventral nerve cord gives off a small nerve to each chseta-sac, 
and others to the body-wall and muscles. 

The prostomium and the nuchal organs are the principal sense organs. 
The prostomium, supplied directly from the brain, is very rich in sensory 
cells. The nuchal organs are situated above the brain and are also 
innervated directly from it. They are pocket-like structures, forming a 
groove externally—the nuchal groove (fig. 7, Nuc, gr.). The organ is 
capable of evagination, when it forms a flattened bulb, elongated dorso- 
ventrally, and covered with cilia (fig, 8, Nuc. org.). It has a mass of 
columnar sensory cells (fig. 14) abutting on its internal surface, in com¬ 
munication with the brain. 

There is no trace in < 9 . cluthensis of the sensory pits between the 
notopodial and neuropodial chmtae found in other species of Ophelia, nor 
is there any sign of sensory hairs. Sense cells may be present, however, 
among the thick mass of cells between the bases of the two groups of 
chaetae. 

Nephridia (figs. 26, 27).—There are three pairs of nephridia, situated 
on segments 13, 14 and 15. They lie close to the body-wall in the latero- 
ventral folds, and may be seen on microscopical examination of live 
specimens as small whitish areas. 

The nephridiopores (A^.C>.) can be readily seen as they are situated 
on papillae just in front of the parapodia. Each nephridium is a simple 
tube extendiijg from the nephridiopore forwards and upwards, increasing 
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steadily in diameter, and opening to the interior by a wide-mouthed 
nephrostome {ffephst^ opposite the gill in front. The tube is ciliated 
throughout, and is about 14 /x in diameter in its distal portion. The 
nephridia are supplied by a branch of the afferent branchial vessel. 

Gonads ,—The reproductive cells in different stages of development 
are found in all parts of the coelome, and they are especially closely packed 
in the latero-ventral folds, beneath the oblique muscles. 

So far as is known, gonads have not been described in any species of 
Ophelia^ and no specialised organs were found in this species. The 
reproductive cells are proliferated mainly from the coelomic epithelium 
covering the blood-vessels supplying the gills in each of the gill-bearing 
segments. In addition they have been found on the coelomic epithelium 
covering the third pair of nephridia, and, since proliferation from the 
blood-vessels takes place in the same relative position as the nephridia, 
this may be regarded as evidence of an ancestral series of segmental 
organs/* The reproductive cells are shed into the coelome at an early 
stage, and there complete development. 

The ripe eggs are white discs, their flattened surface being almost 
circular in outline (fig. 31), They are about 0-l4'~O’i5 mm. in diameter, 
and about o*o5-'’0-o6 mm. thick. The egg is surrounded by a membrane 
of about S irt thickness, and the large vesicular nucleus, showing very 
dark in life, gives the egg the appearance of being ring-shaped. A dark 
nucleolus is eccentrically placed in the nucleus. 

The heads of the ripe spermatozoa are hat-shaped (fig. 32), and measure 
about 5 'S M across the '‘brim,** above which the tail originates. The 
tail measures about 45 ft in length. The nucleus, only visible when 
stained, occupies almost the whole of the rounded end of the spermatozoon. 

Ophelia cluthensis has two broods in the year—in April and September, 
and eggs laid in April produce small worms of 2 mm. length by June 
(McGuire, 1935)- 

I have never seen the worms spawning, and how the eggs and sperms 
are passed to the exterior I am unable to say. It is obvious that the eggs 
cannot escape by the nephridia owing to their larger size, and while the 
sperms could certainly traverse the nephridial tubes they could only do so 
singly. It seems probable, as has been observed in some other families, 
that the ova and spermatozoa are shed by local rupture of the body-wall. 
According to Benham (1901) the eggs of other species of Ophelia are laid 
in a jelly. 

I have tried to fertilise ova taken from the body cavity of apparently 
ripe females with active spermatozoa from a ripe male. The spermatozoa 
in many cases attached themselves to the eggs by the flattened part of 
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their head (fig. 33), but I have been unable to obtain any division stages. 
McGuire (193S), however, obtained fertilised eggs and observed cell 
division up to the four-cell stage. 



Figs. 26"30.— Bm,t brain; CoeL epitk.^ ccclomic epithelium; Cut,^ cuticle; o«/.* 

E.post. t anterior and posterior eyes; Ep.^ epidermis; Gr, nu, lat.^ Gr. nu. med., lateral 
and median nuclear groups; £. anterior lobe of brain; Nophst.^ ncphrostome; 
jVr/A. r., nephridial blood-vessel; nephridial opening; A'W., nucleus; Nuc.gr.^ 

nuchal groove; Nuc. tr.^ nuchal lobe; Oh. w., oblique rauscTe; Oes.comm.^ oesophageal 
commissures; prostoraium; V.n.c.^ ventral nerve cord. 

Fig. 26.—Nephridiura viewed in optical section from the dorsal side, ( x 80.) 

Fio. 27.—Nephridium viewed in optical section from the side. (x 80.) 

Fio. 28,—Dissection of head end from side to show the brain. ( x So.) 

Fig. 29.—Dissection of head end from above, (x 80.) 

Fig, 30.—^T.S. through the ventral region in the middle of the body. ( x 165.) 

Bullot (1904) has been able to induce artificial parthenogenesis in eggs 
of an unnamed species of Ophelia by placing them for a time in potassium 
chloride and then back into sea-water. In this way he was able to obtain 
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a small percentage of swimming blastul®, superficially similar to those 
produced by ordinary fertilisation. I have tried this method with eggs 
of O. cluthensis, but again, unfortunately, without success. In both 
cases, failure has probably been due to my inability to obtain eggs which 
were quite ripe. 



Figs. 31-33.—nucleus; spermatozoon; 7 ’.; tail of spermatozoon; 
vitelline membrane. 

Fio. 31.—Egg viewed on flattened surface (from a stained specimen.) (x 250,) 

Fig. 32.—Spermatozoon. ( x 1700.) 

Fio. 33.—Portion of egg with spermatozoon attached, before fertilisation. ( x 510.) 

The larval stages, therefore, beyond the four-cell stage are as yet 
unknown. 

Affinities. 

In the family Opheliidse, the genus Ophelia is distinguished by the 
fact that the ventral groove is confined to the posterior part of the body. 
Fauvel (1927) describes four species— O. bicornis Savigny, O. radiata 
Delle Chiaje, 0 . neglecta Schneider, and O. limacina Rathke. The 
first three are similar in many respects, but O. limacina is distinctive in 
having a few (2-4) large pad-like structures on the posterior part of the 
body. Of the others, all have 32 setigerous segments, but differ from one 
another in th« number of gills and in the number of anal papillse, although 
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the latter number is in all three species very variable. O. eluthensis 
differs from all four species in possessing only 24 setigerous segments 
and 8“io pairs of gills, the smallest number of gills in the other species 
being 14—in O. radiata. It differs also in the number of nephridia. 
While it possesses only three pairs of nephridia, opening on segments 
13-15, the other species have six, opening on segments 12-17. 

It resembles O. bicornis in having no anal valve in the rectum, but is 
again marked off from the other species by its possession of only one large 
ventral anal papilla, all the others having two. 

Another point of difference is in the number of eyes. These are 
completely absent in O. bicornis (Pruvot, 1885). The two anterior eyes 
are present in O. radiata according to Clapar^de (1868), while according 
to de Saint-Joseph (1898), in O. neglecta the two anterior and the left pos* 
terior eyes are evident, while the right posterior is degenerate and visible 
only as a few granules of pigment. O. cluthensis^ as has been described, 
possesses three eyes, the two anterior and the left posterior. Fauvel 
(1927), however, does not regard the eyes as being important diagnostic 
features, on account of the fact that they discolour after a time in alcohol, 
and have, therefore, been the subject of some controversy. 

Ophelia cluthensis is thus markedly distinct from the other species of 
the genus, and it is difficult to relate to any one of these species. Whether 
it is a more primitive, degenerate or more specialised form is not yet 
clear, but it is possible that a fuller investigation involving a study of the 
life-history will settle this point. 

I am indebted to Professor Edward Hindle of the Zoology Department 
of Glasgow University for the helpful advice and suggestions he has given 
during the course of this work. 

To Mr Richard Elmhirst, Director of Millport Marine Biological 
Station, I am grateful for an abundant supply of material, and for informa¬ 
tion on many points, including the data of a survey of the distribution of 
Ophelia cluthensis in Karnes Bay, Millport. 

I have to thank Dr A. C. Stephen of the Royal Scottish Museum, 
Edinburgh, who has kindly given me records in his possession of the 
occurrence of this species, and also for his figures, giving the zonation of 
the worm in Karnes Bay and in Fairlie Sands, which have been included 
in this paper. 

My thanks are also due to Mr Alexander McKinnon, technician in the 
Zoology Department of Glasgow University, for suggestions regarding 
section-cutting, and to Mr J. W. Morton, who assisted me in making 
counts of the ^orms at Millport. 
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SUMMAKY. 

This paper describes the anatomy of the Polychsete worm Ophelia 
cluthensiSy which is found in the sand just below High Water Neap tides. 

An account is given of its distribution on the shore at Karnes Bay, 
Millport, together with the results obtained from counts of the worms 
made there and in Fairlie Sands. 

O. cluthcnsis is 9*5 mm. to 18 mm. in length, the male being slightly 
smaller than the female. It has 25 segments, the first 24 of which are 
setigerous, and 8-10 pairs of gills borne on segments 12-13 20-21. 

The posterior ventral furrow and latero-ventral folds characteristic of the 
genus begin between segments 8 and 9. The anal segment is acheetous, 
and the anus is surrounded by 12 papillae—one small dorsal, one large 
ventral, and 5 pairs of lateral. Three pairs of nephridia open laterally 
on small papillae on segments 13-15. The brain bears three eyes 
embedded in its substance, visible through the body-wall as black specks. 

The affinities of the species with other members of the genus are 
discussed. 
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DESCRIPTION OF PLATE. 

Fig. a. —Ophelia duthensis. Dorsal view of a fully expanded specimen. (x n.) 

The heart and the dorsal blood-vessel with its branches can be seen through 
the body-wall, and these, together with the hinder region of the body and the 
gills, are red in the live specimen from the contained blood. The stomach shows 
as a dark patch. 

Fio. B.—Ventral view of the same specimen. (x 11.) 

The ventral nerve cord and oesophageal commissures can be seen through the 
body-wall, and the ventral attachments of the oblique muscles show in the ventral 
groove as white areas between dark transverse lines on each side of the ventral 
nerve cord. 

An,^ anus; An. pap.^ anal papillae; Br.^^ Br!^y first and ninth gills; Brn.y 
Brain; D.b.v.y dorsal blood-vessel;, Ht.y heart; Z.v.f., latero-ventral fold of 
body; Mth.y mouth; N.O.^-N.O.^y nephridial openings; Nuc. org,, nuchal 
organ; Oes, comm.y oesophageal commissure; Ppm.^y Ppm.^y first and twenty- 
fourth parapodia; Prost.y prostomium; 5 A, stomach; V.b.v.y ventral blood¬ 
vessel; V.gr.y ventral groove; V.n.c.y ventral nerve cord. 
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XI.— Studies in Practical Mathematics. III. The Application 
of Quadratic Extrapolation to the Evaluation of Deriva¬ 
tives, and to Inverse Interpolation. By A. C. Aitken, 

D.Sc., F.R.S., Mathematical Institute, University of Edinburgh. 

(MS. received January 17, 1938, Read March 7, 1938.) 

I. Introductory. 

In an earlier, paper (Aitken, 1932) the author put forward a method of 
polynomial interpolation which was designed to make full use of the 
speed and power of modern calculating machines in forming and summing 
products of two factors. The present paper is devoted to two further 
applications of the method. It is necessary to give a brief review and 
explanation of the process used, in order that these applications may be 
properly understood. 

The problem investigated in the earlier paper was the standard one 
of finding by polynomial interpolation the value of «„ given tabular 
values Ug, W-a, »»i «-»■ Me, . . . Symmetrically disposed in pairs 
about a central value which may or may not appear in the table. 
Most frequently, when the function u is tabled at equal intervals of its 
argument, the “central panel" is from «_j to u^ and the values of a, b, c, 

. . . are 1/2, 3/2, 5/2, . . ., but sometimes, when the central value 
appears in the table but is not used in the interpolation, the central panel 
is from w_j to and the values of a, b, c, .. . are i, 2, 3, . . . The 
method of interpolation proposed was as follows:— 

(i) Interpolate linearly for «» between the symmetrically placed pairs 

of tabular values Wg, ^-9] »«> m_»; and so on, obtaining “linear 

cross-means" (Lidstone, 1937, p. 274): 

• • • (i) 

«±», and so on. These cross-means, which are even functions of 
their arguments a, r, . . ., are the basis of further interpolation, carried 
out in the manner now to be described. 

(ii) Form from these linear cross-means a sequence of “quadratic 
cross-means," as follows*.—^ 

/s;SU8.i.—VoL. tvtn, 1937-38, SAat ii. 11 
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±c, and 80 on. Continue with 

^± 0 . ± 6 . ±^ (i(^ - ^ * (^) 

u.^a, ±b, ±dt and so on. The quadratic cross-means of successive order 
obtained in this way arc set out in^a working scheme of successive columns, 
the quadratic multipliers being given in a column on the extreme right; 
the scheine is described in full detail in the former paper, and will be seen 
in operation in the examples of §§ 2, 3, 4 below. The convergence of 
the interpolation is indicated to the eye of the computer by the convergence 
towards equality of consecutive cross-means in the same column at any 
stage; the process is stopped at the stage when such entries agree to an 
assigned number of digits. 

The features which make the construction of quadratic cross-means 
a simple and rapid computing process are these: 

(i) In the commonly occurring practical case of functions tabled at 

equal intervals of x, where . . . are either 1/2, 3/2, 5/2, ... or 

I,. 2 , 3 , . . all quadratic multipliers have the same decimal part, which 
need be recorded in full once only on the computing sheet, and can be 
left on the setting levers of the machine through the whole of the 
computation. 

(ii) The differences of the quadratic multipliers, which constitute tlie 

divisors used in forming cross-means, are convenient small integers. 
Here we must observe that in our former paper we took the multipliers 
in the numerators of the cross-means invariably as a* - 2:*, i. . .; 
further experience has shown that though this is useful in the less common 
case when a, r, . . . arc r, 2, 3, . . ., it is better when . . are 

halves of odd integers to take (d!*-jr*)/2, (^* - 2:*)/2, ... as multipliers, 
for then the divisors are the smaller and more convenient numbers 1, 3, 
6 , 10, . . .; 2, 5, 9» • » •; 3. 7» 12, ■ • •; and so on. 

In the theoretical discussion it is better to preserve symmetry, and to 
centre the data about the “central panel*’ In the practical 

description, however, it is better to name the central panel in 

the usual text-book presentation of Everett’s formula. To show how the 
cross-means are .computed in practice we may take a simple illustration, 
the evaluation of ^0.74 from . . . «i, «*, • * * The linear 

cross-means would then be 

and so. on. v The first column of quadratic cros8«^tneanSi All constructed 
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with multipliers having decimal part 0-74(1 -074)/2 or 0*0962, would be 

0,1. SI “ i*o962«o. 1 0-096 *, 

«-*» 0,1.3 (3‘0963«o. X - o-0963«_g^ 8)/3, 

*^-3.0.1.4 “ (6’0962ir<,^ 1 - o-0963«^8^ 4)/6, 

and so on. These in their turn would yield the next column, 

-1,0,1, a, 3 (3‘0962 «^i, 0, X, a - i-0962W-a, 0.1, s)/^, 

-1.0. X. a, 4 ”(6*0962«„i, 2 - i-0962«^3^ 0, i. aVS, 

and so on. These again would yield 

m-3» -2, 1,0,1. a, 8.4 " (6-0962S^_g^ -1^ x, 2,8 “ 3‘®9620, i, a. 4)/3? 

and so on, The entries in the column reached at this stage contain 
approximations to based on polynomials of the seventh degree deter¬ 
mined by eight tabular values, as indicated by the suffixes. To compute 
any cross-mean is the matter of a few seconds; and in the later stages, when 
cross-means in the same column converge to agreement in their more 
important digits, we need form cross-means of the later and differing 
digits only, since those digits which are common to both will be repro¬ 
duced under the operation of weighted mean, and therefore need be 
recorded in the first entry only of any column. (See again the example 
of § 2 below.) 

With these necessary preliminaries, we now proceed to show how, 
by adding to the cross-products certain easily computed terms, we may 
evaluate uj, . . . and, indeed, any further number of deriva¬ 

tives of consecutive orders. 


2. Computation of Derivatives by Quadratic Cross-means. 

Let a cross-mean, such as appears in § i (3), be differentiated n times 
by Leibnizes Theorem. We obtain 


u 


dbtf 







where «(*> = »(«-1)/2. The corresponding result for a quadratic cross¬ 
mean of any order is of similar form. Hence, provided we have suitable 
values to insert in the first columns of the computation, we may form 
derivatives by constructing cross-means; it is only necessary to add to 
the cross-product, before it is divided by (c*-^*)/2 or the like, the terms 

'»*{**«?*.-' • (») 
The terms in brackets here are simple dififerences of entries which will 
tdready have been used in evaluating earlidr derivatives and 
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In this way the computation of any derivative supplies certain columns of 
differences which are used for computing the next two derivatives. For 
the first derivative we have the added terms taking the simple 

form 

ic “*^±0, i:b}» • ’ * • ■ ($) 

involving differences of cross-means appearing in the calculation of 
For the second derivative the added terms are 

®*{«±a,±o-«±a,±6}+{»±B,±«-«±a,±6}- • • • (4) 

For the third derivative they are 

:fc6)+ 3 (^±a, :1;C * ‘ ‘ (S) 

and so on. To begin the process, we merely note the initial values 

.... ( 6 ) 

these being central divided differences of the data, and 

ff f * fff ttr > . 

«±a = «±6“ ... =0, «±. = «±»= . . . -O. (7) 

We now give an example to show the systematic arrangement of the 
computation. 

Example. —To find «*, ««", «*"' from the following table of values 

(Corarie, 1937, p. 934, Ex. 5), where a:=O’736921. 

The decimal part of the quadratic multipliers is x(i-x)l2 or 
0-0969342199. 


X 

u 

X 

u 

-4 

0-9013042519 

1 

0-3867873682 

-3 

0*7867773246 

2 

0-2982961527 

-2 

0-6797722790 

3 

0-2139106129 

- I 

0-5772156649 

4 

0*1333735852 

0 

0-4796611346 

5 

0-0564461185 


(j) 


“at «(.i 

411*205057.9 

I57a86ia*’* 107835160-1 

*47669635-9 a8oo6.8 

3837998401 17*53-* 

566346703-3 0*871.3 

«,=0-4107839078. 


(ii) bo- 2369 *I. 

“(1) ^“(1) “(8) ^“( 3 ) «(J) 

-09*8737664-0 

*9731707-3 45081064.3 -17960656.4 

3I7*333*-* «35464S78'0 943 os 8'4 - 71S3-3 -971ISS-7 

347196*7-7 *7159478** 986603-3 -17906-9 69-6 

3873«a59-3 454141645-4 88i**a-6 -3*a88-8 87-9 

«,'=-o-091797t»4i. 




0-0969342199 
1-0969 ... 

39083-4 


3 0969 . . . 

88-6 

78-0 

6-0969 . . . 

95*5 

78-0 

10-0969 . . . 


A«(») 

*(7) 

0-0969 



10969 



3-0969 

s* 

-40-9 

0-0969 

12 >l 

1*0 

lO-O^ 
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(iii) 

2{3;-J)=0'473842. 





// 

"(8) 

A«(8) 

"(») A*® 

// 

“(7) 



994043-3 

0044610044*8 





1-0969 • 

39856^2 

683281*0 

17598-0 

570469-8 



30969 • 

59819637 

793379*4 

44053-1 

4171 -13-9 

5237 


6*0969 . 

999359S-3 

940626*0 

79433-8 

347.5 -38.2 

3-S 

-0*! 

10*0^ . 



«."=00044570534. 






(iv) 

3(*-J) =0710763. 




/// 

**<8) 


ttf 

“(6) 

"^“(6) *f7) 


ftt 


2982129*9 






1*0969 . 

85668*2 

73236-3 

-27765-5 




3*0969 . 

90981-9 

*83.334-6 

694-5 

- 527 -865*2 



6*0969 . 

98078*6 

330581-2 

600*9 

-122*3 4*5 

-0*2 

“6*4 

10*0969 • 



•*„ — 

“0*0002927866. 





To describe the routine, we shall give working details of selected 
entries in the above four schemes. In (i), first column, 

4ii2205057'9« 0*736921 X 3867873682+0*263079 X4796611346, 
4157286122*2 »(i*73692i X 2982961527 + 1*263079 X 5772I56649)/3, 
4247669635*9-(2*736921 X 2139106129 + 2*263079 x 679772279 o)/ 5 . 

In (i), third column, 

39083*4«(3*0969 . . , X 35160*1-1*0969 . . . x28oo6*8)/2, 

39088*6*(6*0969 . . » X35160*1-1*0969 . . , xi7253'2)/s» 

and so on. The 0*0969342199 remains on the levers throughout. 

In (ii), first column, headed are the central divided differences 
of the according to (6) above. Thus, 

- 0928737664*0 « 3867873682 - 4796611346, 

- 0929731707*3 *(2982961527 - 5772i56649)/3» 

and so on. Entries in all columns headed A are obtained from correspond¬ 
ing columns in previous schemes by subtracting the first entry in such a 
column in turn from all the other entries. For example, 

45081064*3 «157286122*2 -112205057*9, 

^35464578-0 “247669635*9-112205057*9. 


In the column of (ii) headed 


17960656*4-(1*0969 . , . X28737664-0*0969 . . . X2973i707*3) 

-0*236921 X45o8io64*3, 

*7943058*4 •'{3'0969 * * • X 28737664-0*0969 . . . X 31723332*2 

-0*236921 xi35464578*o)/3, 


and so on. 

The column of (iii) headed is obtained by multiplying all entries 
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in the preceding column by 0*473842, adding to entries in 
and dividing the results by i, 3, 6, 10 respectively. This is in accordance 
with (4) and (7) above. In the column headed 

570469*8^(3*0969 . . . X 610044*8 -1*0969 . . . X 683281*0 

+ 0*473842 X 17598-7iS3*3)/a, 
570417*1 (6*0969 . . . X 610044*8-1*0969 . . . X 793379*4 

+ 0*473842 X 44053*1 -17906*9)/$. 

Finally, in (iv), entries in the column are obtained by multiplying 
entries in the first column of (iii) by 3, and dividing the results respec¬ 
tively by I, 3, 6, 10. This is in accordance with (5) and (7) above. In 
the column headed 

- 27765*5 « “(3*0969 . . . X 82129*9 “ 1*0969 . . . X 85668*2 

“ 0*710763 X 73236*2 “ 3 X i 7598 )/ 2 , 
“27694*5« “(6*0969 . . . X 82129*9-1*0969 . . . x9098i*9 

- 0*710763 X 183334*6 “ 3 X 44053*i)/5, 

and so on. 

These details of typical entries should sufficiently illustrate the routine, 
which is uniform and easily mastered. It will be found a good exercise 
to continue the scheme on the same model and evaluate «/. These 
will prove to be 0*0000217644 and -0*0000017322, though the last digits 
become uncertain as n and (0 increase with higher derivatives. 

We may check the derivatives so far found by forming the Taylor 
series 

«^ + (i + + • * •» 

where i-2:=0*263079. Taken to the fifth derivative, the series gives 
0*38678736819, in good agreement with «i, which is 0*3867873682. 
The check does not of course verify the correctness of the later digits of 
the higher derivatives, since these are associated in the Taylor series with 
numerically small coefficients. 

It is to be observed that the method of this section is available only 
when and derivatives of consecutive order are required at the same 
time. This limits its field of application to a certain extent, but the case 
does arise in statistical or practical mathematics where «« and Ug/ together, 
or even Ugg*, and together are required. 

3. Inverse Interpolation by Quadratic Cross-means. 

In direct interpolation as effected by quadratic cross-means the 
degree of the interpolating polynomial increases by two at each stage^ 
The rapidity of convergence secured in this way is one of the chief advai:^* 
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(tages of the method; and it is natural to inquire whether quadratic 
cross-means cannot also be made available for interpolation. 

Such an inquiry led to the method here proposed. 

Suppose that we have as before the tabular values wi, 
u^ct • • • The problem now is, given to determine x. It is necessary 
for the success of the method that u shall be strictly monotonic over the 
tabular range used; and it is desirable also, though not absolutely neces¬ 
sary, that X shall lie within the central panel, and that the tabular intervals 
of X shall be not only equal, but as small as can be conveniently arranged. 
The essence of the method consists in constructing from the tabular 
w*s and a certain function x)y where h—ay r, . . ., possess¬ 

ing properties suitable for quadratic extrapolation by cross-means. In 
particular, (i) is an even function of A, (ii) The values like 

the linear cross-means in the corresponding case of direct interpola¬ 
tion, are made the basis of further interpolation. They are subjected to 
extrapolation by quadratic cross-means, values and being thus 
found, where ascertained by inspection and trial from the Vjt themselves, 
is already a close approximation to x, and e is small. In favourable cases 
linear interpolation between and is possible, and will give x with 
a degree of accuracy which may be tested by the methods of § 4 of this 
paper. 

The function Vh arises naturally when we consider linear interpolation 
for between symmetrically placed pairs of values and If 

were linear in A, x would be given accurately by the linear cross-mean 

(Compare Whittaker and Robinson, p, 93, on the ‘^rule of false position” 
for, solving algebraic equations.) 

This function r*, which may also be yjrritten in the form 

is computed for ^=<2, A, r, . . . by means of either (i) or (2) and is made 
the subject of further interpolation. By inspection of (i) it is seen that 
Va so that, provided is representable with sufficient accuracy 
by a polynomial in A* of not too high degree, the method of quadratic 
cross-means is available. Also, by putting A =^2: in (i), we have 

The procedure is to interpolate for where i is an approximation 
to X. For a first tentative value of f we may take the first two or three 
digits of v^, which is itself a linear approximation to x; for a second and 
better value pf (the quadratic cross-mean of and Vb based on the first 
value of f will usually serve, It would indeed be possible in many cases 
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to evaluate Vf, to take this value as a new | and so evaluate a new 
to take this again as a new ^ and evaluate a new and so to iterate until 
convergence to a steady was visible; this would be the value of x 
required. While this would often require no more than four iterations, 
we ourselves have found it more advantageous to obtain by two or three 
trials a ^ close to x (numerical criteria for accuracy are developed in 
§ 4) and to evaluate and where c is o-ooi, o*oooi, or some such 
convenient small number. The final step, if linear interpolation of Vh 
within the small interval to = is judged permissible, is to 

evaluate x by 

^ + €{V^ - ^/(€ “ + e + .(3) 

Since the theory of the method is concerned with circumstantial 
details neither very interesting for their own sake nor capable of brief 
statement, while in practice the same details are ascertained by numerical 
examination of entries, we shall postpone further explanation and work 
out an example. 

Example .—Given the tabular values of the example of § 2, to find 
(Comrie, 1937, p. 938, Ex. SA) the value of x for which ^^“0-4107839078. 

The values are first computed. This can be done either according 
to (i) above, by subtracting u^} from each tabular u and taking the results 
as multipliers for linear cross-means of symmetrically placed pairs of values 
of namely, 0,1; -1,2; -2, 3, and so on; or, perhaps more easily, 
according to (2), by dividing “* ... by the central 

divided differences Ui-Uq, («3-«~a)/S> - • - subtracting 

o, i, 2, . . . from the results in turn. The values so found are in the 
first column below. 

A tentative cross-mean of the first two with quadratic multipliers 
0*0962, 1-0962 corresponding to ^^ = 0-74 (this value being suggested by 
the first z'), gives at once 0-73696. A second trial with multipliers 0-09692, 
1*09692 corresponding to ^=0-737 gives 0-73692. Such trials take only 
a few seconds to perform, thus: set up 1*09692 as multiplicand on the 
setting levers, multiply by 741622 by addition turns, pull the i of 1-09692 
to o, multiply by 790105 by subtraction turns, and read off. We adopt 
^=0-73692, compute and record ^(l- 0/2=0-0969344568, and proceed 
to interpolate for z/f. 








741621982-9 

790105207-6 

886998338-5 

1032154739*9 

1225354319-7 


736922287*8 

24656-9 20988-4 

282x0-6 8-4 

32949-8 8-3 

€ »o*ooooi, f -f -1 :ao-25692S. 


0*0969344568 
1-0969. . . 

3 -0969. . . 
6*0969 . . . 
10 -0^ . . . 
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eA»*‘ .Ap** 

484'83 


1*0969 


4-59 0-024 

4-97 

3-0969 

484*97 X 0*236925 

4-22 o-osg 

4-98 

6*0969 


3-73 0-107 

4-98 

10*009 

=:=II 4*9 


n 



73692 

736920988-4 

9884 


3 

21103-3 

-8807 

0851 

20999-9 


“0*736921000. 



[Note I. —The last step, simple linear interpolation between 73692 
and 73693 with proportional parts 9884 and 88967, is most simply effected 
by finding 9884/98851 =0*09999. 

Note 2.—The various notations for divided differences have never 
seemed satisfactory to the author, being liable to confusion with other 
bracket-notations. For several years he has used in lectures a notation 
in which Newton*s formula of divided differences appears as 

the descriptive intention of the symbol A being evident, and the suffixes 
denoting the arguments of the w’s which enter into the respective differ¬ 
ences. When the and their order are fixed, the simpler form 

may be used, or the suffixes may even be omitted provided it is understood 
that Aw, A*«, . . . denote the leading term and leading divided 
differences.] 

In the computation for the entries in the column named 

cAz/^^ are divided differences of the considered as functions of 
obtained by subtracting the first from each of the others in turn and 
dividing the results by i, 3, 6, 10. The next column, named con¬ 

tains the results of subtracting the first from the others in turn; and 
the entries in the following column are obtained thus: 

4^97 ( 3‘097 X 4*83 - 1*097 X 4*59 + o* 024 )/ 3 , 

4*98 «( 6-097 X 4*83 -1*097 X4*a»2 +o*o59)/s, 

4*98**(10*097 X 4*83 -1*097 X 3*73+o*io7)/9. 

The procedure is exactly like that used in § 2 and based on § 2 (3) for 
computing from the scheme for Wa,. In strict theory (as in § 4 below) 
the quadratic multipliers used in this computation of should 

be those for or 0*73693, not those for f or 0*73692, but when e is 
smali the digits required in are usually so few that this is an 
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unnecessary refinement, the multipliers themselves being cut down to 
fewer digits. An alternative way of computing which Would not 
take long, would be to compute it by cross-means in the same manner 
as with decimal part of quadratic multipliers 0*73693 x0*26307/3 
—0*0969320876. We ourselves have found the method of computing 
the increment more rapid, convergence being usually established 

at the very first set of cross-means. 

4. General Criteria for Convergence and Accuracy, 

The computer will wish to have definite information on the following 
points : (i) how to choose a good value of | for beginning the interpolation 
for and in so doing to judge beforehand the size of the interval s; 
(ii) how to estimate the accuracy of the result given by the final linear 
interpolation between and The error will consist of three com¬ 

ponents: {a) that due to stopping short the interpolation of and 
at a certain order of cross-means; (6) that due to tabular error in rounding 
off the data and the derived values to so many places of decimals; 
(c) that due to the fact that the final interpolation between and is 
linear. 

(i) Differentiating Va, as given in § 3 (i) or (2), and putting h^x, 
in the result, we obtain 

.. • • (») 

- -x(u,"+ixU^"' + lx*Uo^+ . . .)/(««'+ **^o"+ • • •). (2) 

Notv in the immediate neighbourhood oi h~x the ratio of that 

is of v\-x,Xo h-X, is nearly Hence by (2) above, in order that this 
ratio may be small a first requisite is that x itself shall be small. This 
condition is one Tvhich is basic in all methods of inverse interpolation, 
and is fulfilled in practice by making the interval of tabulation of » ai 
small as conveniently possible, and by arranging that x shall fall in tho 
central interval and preferably near to the centre of it. If the series in 
the numerator and denominator of (2) converge in such a -way that the 
first terms dominate, and for this it is necessary that values of in the 
range x to ~x should be small compared Tvith »o' and Uo\ then the pro> 
portionate error .committed by taking vt instead of i for x Tvill be nearly 
- xu^'ju^'. When the functional form of u is not given, or is not tractable 
when given, the computer may estimate the derivatives «,' and 
central or mean central differences, evaluating for example ' 

The expressions - x«o'7W and are not altered by change* 
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of scale in x, such as the computer will usually make in order to' work 
always with a unit interval and a central panel to or o to x. 

Applying these considerations to the worked example of § 3, we have 

0-3868-o'4797«*-0-093, 

(0*29^3 ““ 0-3868 - 0*4797 +0*57 72)/2 «0‘004S, 

while Xi measured from the centre, is about 0*237, and would be pre¬ 
liminarily estimated as about We conclude that the error committed 
by taking instead of | for x will be reduced to about 0*25 x 0*0045/0*093, 
let us say 1/80 of what it was. It is true that in practice we shall take not 
but the approximation to V( given by the cross-mean of the first two 
v^s; at the same time this cross-mean, being correct as far as third 
differences, will usually be sufficiently close. 

These conclusions are verified in the example. If we take f=0*74, 
quadratic multipliers 0*0962, 1*0962, we obtain a first cross-mean 0*736958, 
Since 2: = 0*736921, the respective errors are 0*003079 and 0*000037, the 
second being evidently about 1/80 of the first. Again, if we take ^ = 0*737, 
multipliers 0*0969155, 1*0969155, we obtain the cross-mean 0*7369232, 
The respective errors are 0*000079 and 0*0000022. It is true that the 
visible reduction of error is more nearly x/40 than i/8o, but the reason is 
that the error has now become so small that remainder terms after the first 
cross-mean—that is, after third differences—have relative importance. 
Had we proceeded to more exact interpolation for where =0*737, 
we should have obtained 0*7369219, the error being 0*0000009, again 
about 1/80 of the former error 0*000079. 

In practice the reduction of error in as compared with ^ will often 
be estimated from the difference of the first two v*s. For we have 

+ .... (3) 

+ + ... (4) 

where Az/j j = and ate remainder terms depending on 

fourth and higher differences or derivatives. By subtraction the propor¬ 
tionate change in induced by a small change € in f is nearly 
Thus, taking again the example of § 3, we find 

fAt^l^ j “•0*237 X 0*0485 «o*oii5, nearly 1/87. 

The conclusion is that it will be advantageous in practice so to choose 
the interval of tabulation that xu^**Iuq , xiiihif^jhu^ or xLi^^^ 4 is of the order 
of 1/50 or x/ioo or less. If this is. done, two trials will usually give a 
sufficiently a^urate thus ensuring that the interval c will be small 
enough for the final linear interpolation. 
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(ii) Before examining this linear interpolation we shall consider the 
other two sources of error, due to cutting short the interpolation of V( 
and zt a certain stage, and to tabular error in the A paper by 
W. F. Sheppard (Sheppard, 1906) has been devoted to these matters, 
and we shall use his results. In the first place, we judge the accuracy of 
and by the convergence to equality of cross-means in a column at 
some stage. (In the case of these are cross-means of divided 

differences.) Then, in regard to tabular error, quadratic extrapolation 
is equivalent in its results to interpolation by the Newton-Bessel formula 
to an odd order of differences, and for this it has been shown by Sheppard 
that the maximal tabular error for interpolation within a central panel 
up to the seventh differences, involving in our method the use of a 
quadratic multiplier with lo for its integer part, is very slightly less than 
one and a half times the maximal tabular error of any datum. An 
examination of the data Ph in the example of § 3 will show that the 
tabular error in any of them does not exceed a quarter of a unit in the 
ninth decimal. It follows that the maximal tabular error in and 
and of the value 0-736921000 for which is a weighted mean of p^ and 
with positipe weights, is three-eighths of a unit in the ninth decimal. 
(It goes without saying that this maximal error, or even half of it, is in 
the highest degree improbable in practice.) 

It remains to consider the linear interpolation between p^ and p^^^. 
This is really linear inperse interpolation on the function p^-h^ the 

problem being to find for what 
value of h this function vanishes 
between the two values p^-^ and 

In the diagram here given, 
B let AB=^€, let AP and BQ be 
ordinates representing p^^$ and 
^ let PTQ be the curve 
of the function and let 

PjRSQ be a straight line, where 
ST is perpendicular to A B, Then 
the error in x committed by linear 
interpolation is TP^ while the 
^ error in is TS; and the 

ratio TR : TS is evidently AB : AP^^QB^ that is, € : 

Let the true value of x be o < i. Then the error TS of 

linear interpolation in p^^-^x is known to be where p*' is 

taken at some point within the small range < of interpolation. The 
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error TP in x is found by multiplying this by c/(€-“ + but in all 

practical cases this factor differs but slightly from i. Thus, in the 
example of § 3 it is 10000/9885*1, about 88/87. Again, the greatest 
value of 0(i is attained when 0=^, that is, in the centre of the 
interval. Differentiating (3) twice we see that v'* is nearly equal to 
the difference of the first two v*s. Hence the possible error of 
linear interpolation may be estimated as and will usually be 

less than this. In the example of § 3 this error is 

(0*00001)* X 0*0485/8, or 0*00000 00000 006. 

We conclude finally that the value 0*736921000 for x is free from error 
to the last place given. As a general precept we may lay it down that if 
X is desired correct to 10"*”, it is well to have c in the region of 10"^, for 
then the error of linear interpolation will be negligible; it is worth while 
to make a third preliminary trial for i if so small an e can be secured 
thereby. 

Two minor points remain for explanation. The auxiliary computa¬ 
tion for by cross-means of divided differences of the is based 

on the fact that the increment in a cross-mean such as 


± 6 , 




produced by changing ^ to ^ + e is 






( 5 ) 

( 6 ) 


as is readily verified. It follows that the increment 0,+.-1/, can be com¬ 
puted by beginning with a first column of divided differences of the t/* 
and forming cross-means of these with the quadratic multipliers for 
( + €, but adding to the numerators of cross-means before division at 
each stage a difference of cross-means obtained at the corresponding 
stage in finding V(. The result is multiplied by €(f + ie), and it is 
well to introduce the factor e at once into the scheme of cross-means, as 
we have done in the example of § 3, in order to see without delay how 
many digits are required in and at what stage convergence is 

established. The procedure is almost exactly that used in § 2 for finding 
u/, which is indeed its limiting case «=o. The only point of difference 
is that in the present application the multipliers are those for f+ e, not 
for f, but since several digits are usually discarded because of the small¬ 
ness of«they can be discarded from the multipliers also, and the refinement 
becomes unnecessary. 

The formula § 3 (3) of the final linear interpolation for x is justified 
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as follows. We are to find x by linear interpolation between and 
given that v^-x^o. It follows that 

-f) +(f - tf) *0, 

whence 

^ ^ f D/(e -+c +1/|). 

As a concluding example, we shall find the value of .0* for which 
lGgjQ.ff=0*63827216, given eight-place logarithms to base 10 of 1*5, 2-0, 
, . 6*5, 7*0. It is well known that widely spaced data in the beginning 

of the logarithrnic table are not good material for polynomial interpola¬ 
tion, and the present method has in this case the same defect of slow 
convergence; we have therefore taken the interval of tabulation as ^ 
instead of i. An examination of tabular error shows that the seventh 
decimal of may be almost a unit in error; we shall, however, retain in 
the working both the seventh decimal and an additional digit as well, 
to stabilize the calculation. 

The working is as follows. The entries u are the given tabular 
logarithms with 0*63827216 subtracted from each. 


IB 

X 

- u 

z 

X 

u 

1*5 

-5 

46218090 

7*0 

6 

20682588 

2*0 

“4 

33724316 

6*5 

5 

17464120 

2*5 

“3 

24033315 

6*0 

4 

13987909 

3*0 

-2 

16115091 

5*5 

3 

10209053 

3-5 

-1 

9420412 

5*0 

2 

6069784 

4*0 

0 

3621217 

4*5 

1 

1494035 


The are formed. Two trial cross-means give ( almost steady at 
0*6956, Then - f)/2=0*10587032. 




pii 



7079254*4 




0* 10587032 

8244595*5 

6955879-4 



1*105 • • ■ 

10608955*4 

54690-9 

56536-6 

506-7 

3 -ros . . . 

14247115*1 

52777-1 

565-5 

6*105 . . . 

19294356*4 

49932-7 

6io-i 

504-0 510-8 

10*105 • • • 

25993099*8 

45760-1 

678-7 

499-8 11-4 

09*6 15*105 , . . 


t/, as 6956509-6, 

€ 3 = 0 * 0001 , f+ ^ = 0*19565. 


fAe/" 




116*53 



1-10587 

115*8 X 0*19565 

117*66 

-0-12 

115-8 

3-10587 


119*46 

-0-31 

115-8 

6-10587 

ffl22*7 


f 

Vf 

t ' t-t 



6956 

69565096 

5096 



6957 

5323 

-4677 

53*4 




9773 
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Since only six decimals can be trusted, jr=o*6956S2, s^=4*347826. 

In conclusion let us insist again that the important point in the method 
proposed in this paper is to secure a good value of and therefore a small 
value of €. It is possible that in difficult cases a sufficiently small c 
cannot be obtained at the first stage, so that the final linear interpolation 
is not exact enough. In such a case we would use the value given by this 
first inverse interpolation as a suitable f with which to carry out a second; 
but the case is unlikely. Such difficulties seldom arise if (i) u is tabulated 
at a sufficiently fine interval, (ii) x is near the centre of the centre panel, 
(iii) € is sufficiently small. If is very close to one of the tabular «*s, it 
is often advantageous to omit that u from the working and to take the 
central panel as to with quadratic multipliers as in § i, no longer 
halved. For many practical purposes, when x is required to a few digits 
only, the method will give x correctly with no more than the first few trial 
cross-means; 
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[Added June i, 1938. The new notajion A for divided differencing 
having aroused some interest, the author ventures on a modification, 
by which Newton's formula appears thus: 

h bn 

Thti symbol of operation is here detached from, and prefixed to, the 
Operand the arguments implied in the operation being indicated by 
the suffixes. Admittedly this noti^tion does not bring out the symmetrical 
nature of divided difference ; oh the other hand, it does bring out their 
operational ,inalogy with ordinary differencing and differentiation.] 


[Issuid s^artOtfy July •), 1938.) 
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XII.— Green’s Function for an Ellipse, and its Application to 
the Motion of a Point Vortex. By D. Meksyn, D.Sc. 
Communicated by Professor E. T. WHITTAKER, F.R.S. 

(MS, received February 28, 1938. Revised MS. received May 18, 1938. 

Read May 2, 1938,) 

I, Green’s Function for a Plane External to an Ellipse. 

Green’s function for a plane external to an ellipse, expressed as an 
infinite sum, was derived in a previous paper (Meksyn, 1937)* For the 
sake of convenience this derivation is sketched here. 

We introduce elliptic co-ordinates 


x^c cosYi^ ^»<rsinhf sin?y. . 

. ■ (t.i) 

The equation to the ellipse is 


c* cosh* ^^0 * sinh* ^0 

• (1.3) 

and Poisson’s equation becomes 


dx*^8y* 

where 

• (*.3) 

=- ^*(cosh* ( - cos* Tj). 

0 ; 


The region in the plane (f, rj) corresponding to the plane (a 
to the ellipse (1.2) is a strip bounded by lines 

r, y) external 

Tj-o, rj~ 2 n, f-fo- • 

. . (t. 4 ) 

The solution of (1.3) is based on Green’s formula, 


jj(uV*v~vV*u)dxdy^j(u^-t^)ds, . 

• • (i-S) 


where the differentiation ^ is taken along the external normal. 

Inserting in (1.5) instead of u Green’s function corresponding to thie 
region of integration one obtains, in the well-known way, the expression 
for V, if the latter satisfies Poisson’s equation. 
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One of the conditions which Green’s function is required to satisfy is 
that the integral 

. 


taken round the boundary shall vanish; this is usually achieved by 
making u vanish on the boundary. 

Such a procedure, however, cannot be applied in our case, since it 
would make t/“ 0 and orjy=o a stream line, which would corre¬ 

spond to a case when there is an infinitely thin, infinitely long screen along 
the axis of x. 

We can, however, make the integral (1.6) vanish if u vanishes along 
f = and if u and v are periodic functions in 17 with a period 2rr, 
The integrand (1.6) along the line f=^o from 1^=0 to will vanish, 

and the integrands along the lines 17=0 and i; = 27 r will mutually cancel 

out; for, when the integrand is periodic in with period 27 r, ^ has 

opposite signs at the corresponding points, since the normal is always 
an external one. 

Now, Green’s function for an infinite half-plane, bounded at one 
side by the line is 





(1.7) 


It vanishes along the line 

The function sought, however, must be periodic in with period 27t\ 
so that the expression for Green’s function will be 


The solution of (1.3) is then 


(1.8) 


A* 


- (cosh* r - cos* ij'). 


• 0 - 9 ) 


The sum (1.8) can be expressed in circular and hyperbolic functions by 
making use of the relation 

* / *• \ 

sinxxa n^(^i .(*•*«>) 

and after some reductions we get 

I t \ I 1 cosh 008 (•»—»') , . 


p.a.t.s.—VOL. Lvni, 1937^38. mst n. 


IS 
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2. Motion of a Point Vortex Outside an Elupse. 
Consider a point vortex of strength k situated at y' outside an 
ellipse f = fo- 

The corresponding stream function is 

k , cosh (g- O-cmjif-ri') 


^ loir 

^ air ® cosh - a(^ - cos (ij - ij')' 


(a.t) 


By a well-known procedure (Ramsey, 1935, p. 224) the stream function 
X corresponding to the motion of the vortex itself is found to be 


_ A log sinh ((' -fj) - A log (cosh* (' -cos* if"). . 

4 tr oTT 


(2.2) 


The function x be expressed in a very simple form in the plane (x,y). 
Let r and rj be the corresponding distances of the point x\ y* from the 
foci (r, o) and ( - o). 

It can be easily shown that 
k 


X - - g- log {[aV (r + - 2c)(r + rj + 2c) - d(r + J, 


( 2 - 3 ) 


where 2a and 26 are the major and minor axes; the ellipse itself is a stream 
line x = oc); the term in brackets vanishes in that case. 

The motion of a vortex outside of a line of length 2c is found from 
(2.3) by putting i=o; the latter case was also considered by Barth (1930). 

The complex potential function corresponding to the vortex outside 
an ellipse is 


3. Green’s Function for an Area Bounded by Two 
C oNFOCAL Ellipses. 

Consider the plane enclosed between two confocal ellipses (—(i and 
(fi > fO- 

The corresponding region in the plane i; is a rectangle bounded by 
f-fl, f-l,; 1)-0, . . . (3.1) 

Consider a point rj' inside this rectangle. The images at this 
point in the lines f=fi and f=f, are: 


3(1- reflected in 

3 {,- 2 (i+f „ „ (j 

4(i ~ sfi “ f i> It SI 


“ (' reflected in f 
a(i-*|s+|' » >. h 

I, It (1 


The co-ordinate rj' remains, of course, unchanged. 
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It can be shown that the two series of imageSi including the point 
rf itself, may be expressed as 


3(1 ± - Cl) k 

»« = o, 1 , a . . . I 


(33) 


where the former correspond to sources and the latter to sinks. 
Green’s function is also periodic in tj' with a period 27 r; whence 


(,v) 


4W n^« * [f + f " - 3*n((t - fi)]* + ( 1 J - 1 ?' - 2 ir»)* ■ 


( 3 - 3 ) 


This sum is divergent; it can be transformed into a convergent expression. 
The order of summation is, however, very important. 

Summing (3.3) first with respect to m, we get 


G(f,T?'; 2 log 

47 T, — 


7T IT 

Sin -7y[a - $(d “ 27Tn)] sin “ 27rn)] 


2 Lr 


where 


7# TT 

sin - i{6 - 2 ir«)] sin + »(i - atr«)] 


(3.4) 


rj-rj'-i, f + o. . ( 3 -S) 

Expressing the trigonometric functions by means of exponentials (3.4) 
can be summed with respect to n; and we finally get, after some 
reductions, 

r(f «. /S' 

G(f,i7. S,v) 4W 

where (Whittaker and Watson, 1927, p. 470) 


d,(v)- 2 fjyl sin V fi (i -y*"^"***), y.” S (* 

fiwX »*■! 


[f-f-«•(>;-V)V , 


aQ 


Vj. 


[€ + €' -3(1-i(v-v'y]Tr 


2Li 


( 3 - 7 ) 


in . 


and P and Pi are the conjugates at v and vi. 

It can be shown that G is constant on the boundary. 

In fact, the functions satisfy the relations, 

#,(v + mir+nm) »(- x)'"+"f~"- v) - - &i{v), . ( 3 . 8 ) 

where m and n are integers. 

Since 

vi--P when i„ii\ -P+ir when . (3.9) 

the ratio of the functions is equal to unity in both cases, 

The expression (3.6) is also periodic in 1) with a period 2«r; since if 
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7 } is increased by 27m, v and vj are increased by -trwr; and it is easily 
found that the nominator and the denominator in (3.6) are multiplied by 
the same factor, the ratio remaining constant. 

Summary. 

Greenes function for a plane outsiefe an ellipse and for a plane between 
two confocal ellipses are evaluated. 

The motion at a point vortex outside an ellipse is found. 
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Introduction. 

The Lochs of Stenness and Harray are the only brackish-water lochs in 
Orkney. They are famous for their trout fishing, and they are the only 
known Scottish stations for Neritina fluviatilis L. Although Murray 
and Pullar (1910) pointed out that the fauna of Stenness was marine in 
character while the ordinary fresh-water plankton animals occurred in 
Harray, little else is known about the general fauna or about the conditions 
under which the animals are living. I visited the Mainland of Orkney in 
July 1936 to examine these lochs from an ecological point of view and to 
compare them with the brackish-water lochs of the Hebrides. 

I wish to record my thanks to Miss M. D. Dunn of St Andrews Uni¬ 
versity, who kindly identified the algae for me, a complete list being 
published elsewhere (Dunn, 1937); and to Mr R. Elmhirst of Millport, 
Mr A, G. Lowndes of Marlborough College, Mr C. Oldham of Berk- 
hamstead, Mr A. R. Waterston of the Royal Scottish Museum, and the 
Entomological Department of the Naturad History Museum, South 
Kensington, for help in identifying the animals. 

The collecting and chemical methods employed were the same as those 
used by me in North Uist, but boats being available in Orkney, water 
samples were obtained from deep water and a dredge and plankton net 
used. Oxygen was estimated by Winkler's method and calcium by 
shaking with soap solution, giving fairly accurate results for comparative 
purposes. 
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The Loch of Stenness* 

The Loch of Stenness is about 2^ sq. miles in area, communicating 
with the sea to the east of Stromness by a narrow channel about half a mile 
long, known as the Bush, which passes under the road at Bridge of Waithe. 
The loch runs north-west for nearly 4 miles, and some 2 miles from 
Bridge of Waithe on the north-cast side it receives the overflow from the 
Loch of Harray at Bridge of Brogar. 

Both lochs were surveyed by Murray and Pullar (1910). The Loch 
of Stenness is flat-bottomed with an average depth of loj ft. The shores 
are flat, in many places with only a few inches of water for a distance of 
50 yd, from the edge, and then shelve steeply. They consist, for the 
most part, of fragments of Stromness flagstones covered with a dense 
growth of weed, except at the heads of shallow bays where the bottom is 
sandy or muddy. The bottom of the loch is composed of fine black mud, 
covered in many places with a dense felt of non-rooting filamentous algae. 
The loch lies only 3 or 4 ft, above sea-level but it is little affected 
by the tides. The shallow and narrow outlet at Bridge of Waithe allows 
only a small amount of water to enter or leave the loch each day and it 
is only at spring tides that the level is appreciably raised. The following 
are the figures for the salinity, hydrogen ion concentration, calcium content, 
alkali reserve, and temperatures of the shore water at various points (fig. i) 


round the Loch of Stenness 

on 

17th July, 11 

days after the 

new moon 

tides:— 

Station. 

Salinity 

®/ 

/oo’ 

pH. 

Alkali 

Reserve. 

Calcium, 
mg. per litre 

Tempera^ 
ture, C. 

I. 

i6-6 

9*4 

0*0030 N, 

56*0 

19 

II. 

14*6 

9*6 

0*0036 N. 

67*0 

24 

III. 

15-8 

., 

0*0025 N* 

.. 


IV. 

11*3 

9*8 

0*0026 N. 

56*0 

22 

V. 

14-8 

9*8 

0*0025 N, 

.. 

23 

VI. 

15*2 

9-6 

0*0025 N. 

., 

30 

VIL 

17*0 

9*4 

0*0026 N. 


19 

VIII. 

15-8 

9*6 

0*0023 N. 

.. 

19 

IX. 

I 5‘4 

9*4 

0*0023 N. 

89'0 

22 

X. 

9,0 

9-2 

0*0035 I^* 

. . 

17 

XI. 

15*4 

9-6 

0*0036 N. 

. . 

17 

XII. 

IS '4 

9-6 

0*0024 N. 

. . 

20 

XIII. 

15-4 

9-6 

0*0034 N. 

56*0 

18 


In deeper water there is a well-marked difference in the salinity at the 
surface and at the bottom during July and probably throughout the year. 

Bridge of Waithe, B, Bridge of Brogar, A. 


Date, 

S. 7 , 0 - 

S- 7 o.- 


Bottom. 

Surface, 

Bottom. 

Surface, 

2lSt 

26*8 

i 8*4 

33-0^ 

17*0 

28th 

26*8 

17*3 

17*6 10*3 




The Brackish-water Lochs of Orkney. 


183 



Fio. 1.—Mnp of the Lochi of Stenneu and Harray to show the pocitipn of the collecting 
ttadone, and the occurrence of Hydrobia in itreame. 
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Oxygen determinations were made at the surface and bottom at the 
same stations; even over black mud at the bottom there appears to be a 
plentiful supply of oxygen, at least during the summer months. 


Date. 

25th 

a7th 


Temp., ° C. 

^ ■! I I “I 

Bottom. Surface. 
16 19 

i6 14*5 


Bridge of Waithe, B. Bridge of Brogar, A, 

ii . . . .M il * I— . . . *' . . 

Bottom. Surface, Bottom. Surface. 

.. _ * -- .—. ^ . — 

c.c. O,. % Sat. c.c. O*. % Sat. c.c. O,. % Sat. c.c. O*. % Sat. 

. 5*44 88 7 ‘V 

7*85 126 7'8i 122 


The vegetation of the loch is predominantly brackish in character, 
although a few marine algae also occur, mostly near the outflow. The 
following are the principal species present round the shores: Ruppia 
maritima Linn., Cladophora rupestris Kiitz,, C.flavescens Harv., C. ft act a 
Kiitz., Chcctomorpha linum Kiitz., Enteromorpha intestinalis Link., 
Ascophyllum nodosum Le Jol, Fucus vesiculosus Linn., F. ceranoides 
Linn., F. serratus Linn., Furcellaria fastigiata Lamour, Polysiphonia 
urceolata Grev. Potamogeton pectinatus Linn, and the fresh-water alga 
Zygnema anomalum Hass, occur in one or two of the fresher bays. 

The following occur in the deep water on the bottom mud: Bridge of 
Waithe, Cladophora fracta, Chatomorpha litorea Cooke, Enteromorpha 
clathrata Agard.; Bridge of Brogar, Chmtomorpha linum, Furcellaria 
fastigiata, Sphacelaria cirrhosa Agard. 

The following animals are to be found almost everywhere in shallow 
water where the bottom is suitable:— 

Clava multicornis (Forsk.). My a arenaria L. 

Neriiina fluviatilis (L.). 

Procerodes ulvm (Oersted). Hydrobia jenkinsi Smith. 


Nereis diversicolor (O. F. Mtlller). 

Jara marina (Fab.). 

Gammarus dueheni Lilljeborg. 
Coropkium voluiator (Pallas). 
Praunus flexuosus (Mtiller). 

Neomysis vulgaris (J. V. Thompson). 


Chironomus longistylus (Goet.) 
Chironomus aprilinus (Mieg.). 
Cricotopus vitripennis (Mieg.). 

Anguilla vulgaris Turton. 
Gasterosteus aculeatus (L.). 
Gobius microps Kroyer. 


Throughout a small area near Bridge of Waithe Hydrobia jenkinsi and 
Neritina fluviatilis are absent, but Gonothyrma lovini (Allmann), Littorina 
saxatilis var. rudis (Maton), Spinachia vulgaris Flem. and Gammarus 
campylops Leach all occur here. A single specimen of Gammarus 
zaddachi Sexton was found among the Gammarus duebeni collected at 
Station XIII. 
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On the loch-bottom among weed and in the mud the following occur;— 

Gammarus duebeni. Peringia ulvm Pennant. 

Corophium voiutatar, Mya arenaria. 

Plankton samples were taken at stations A and B on several occasions and 
the following species recorded:— 

Acariia ciaust (Giesb.). 

Cyclops strenuus (Fisch.). 

Podon polyphemoides (Leuk,). 

Evadne nordtnanni (Lov^n). 

In addition Cyclops viridis (Jurine) and Ectinosoma curticome Boeck, 
occur at Bridge of Waithe; and Eurytemora velox (Lilljeborg), Daphnia 
longispina O. F. Muller and A Iona affinis Leydig at Bridge of Brogar, 
along with many veliger larvae. These could not belong to any of the 
Gastropods living in the loch, but appeared to be the larvae of Littorina 
littorea (L.). 

Cod, herring, mullet, sillock, flounders, and other sea-fish are said 
to occur at times in the Loch of Stenness, and brown- and sea-trout are 
always present. 


Bridge of Brogar. 

The Lochs of Stenness and H array must have been confluent at one 
time, the only barrier between them being a sill of rock some 50 yd. 
broad over which the water lay to the depth of i to a ft. A road now runs 
across the sill on a stone causeway pierced by a number of square conduits 
through which the two lochs communicate. The salinity in this shallow 
water is more variable than in either of the lochs. Usually water flows 
from Harray into Stenness, except at the March and September spring 
tides when the current flows in the opposite direction. Under exceptional 
circumstances other spring tides may reach the Loch of Harray, as 
happened in July 1936 when the spring tides filled the Loch of Stenness 
after a period of drought. Salt water was streaming from Stenness into 
Harray from the i6th to the 23rd, when the current was reversed owing 
to the level of Stenness beginning to fall after the spring tides. Fig. 2 
shows the changes in salinity on each sid? of the road between the i6th 
and 30th July. The minor fluctuations are probably due to changes in 
the strength and direction of the wind. 

The following plants occur in the shallow area at Bridge of Brogar, and 
ar^ subjected to these sudden changes of salinity: Ruppia maritima^ 
Myriophyllum alUmiflorum DC., Littorella lacustris L. (Loch of Harray 
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only) Fuchs ctranoidts, Enter0morpha inUstinalis^ Chatomorpha linum^ 
and Cladophora flaveseens. 

The following animals also live in the same changeable environment:— 

Procerodes ulvm. Hydrobia jenkinsi^ 

Neritina fluviatilis. 

Gammarus duebeni. 

Jc&ra marina, Gasterosieus acuhatus* 

Neomysis vulgaris, Anguilla vulgaris. 



Jtiur 

Fio. 2.—To show the changes in salinity of the two lochs in the shallow water at 
Bridge of Brogar from i6th to 30th July 1936. 

The Loch of Harray, 

The Loch of H array is about 4J miles long with an area of 3f sq. 
miles* It is flat-bottomed with an average depth of 9 ft. and a maximum 
depth of 14 ft. The following arc the figures for the salinity, hydrogen ion 
concentration, alkali reserve, calcium content, and temperature at various 
points (fig. 1) on 24th July:— 
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Station. 

Salinity 

pH. 

Alkali 

Calcium, 

Tempera¬ 

a./ 

/oo* 

Reserve. 

mg. per litre. 

ture, ® C. 

I. 

2*8 

9*2 

0*0024 N. 

78 

IS 

11. 

1*2 

9*0 

0*0020 N. 

,, 

16 

III. 

1*6 

9*2 

0*0031 N. 

78 

IS 

IV. 

0*6 

9-4 

0*0020 N. 

., 

17 

V. 

0*6 

9-8 

0*0023 N. 


17 

VI. 

1*0 

9-4 

0*0022 N. 

,, 

17 

VII. 

0*9 

9-4 

0*0020 N, 


17 

VIII. 

0*8 

9-4 

0*0020 N. 

78 

16 

IX. 

1*0 

9’4 

0*0024 N. 


IS 

X. 

1*4 

9*6 

0*0020 N. 


16 

XI, 

1*2 

9*5 

0*0026 N. 

78 

IS 

XII. 

1-4 

9*6 

0*0021 N. 

, , 

IS 

XIII. 

P2 

9'4 

0*0033 N. 

, . 

16 

XIV. 

P2 

9.4 

0*0025 N. 

78 

x6 


In the southern part, where the water is deeper, there is a marked 
difference between the bottom and surface salinity, but this is almost 
obliterated in the shallower and more isolated northern portion. 


Station. 

Salinity 7oo* 

Depth. 

Bottom. 

Surface. 

I. 

17 

1*7 

7 ft. 

II. 

47 

17 

13 w 

III. 

0*9 

0*8 

9 M 


There is also a marked difference in the calcium content of the bottom 
and surface water at Station III, the figures being 139 and 78 mg. per litre 
respectively. The following are the figures for the oxygen content of the 
bottom and surface waters:— 


Oxygen. 


Date. 

Station. 

Depth. 

Bo 

c.c. 0,. 

ttom. 

% Sat. 

Su 

c.c. 0|. 

rface. 

Bottom. Surface. 

22nd 

I. 

7 ft 

8*3 

112 

7*6 

103 

15 

14 

22nd 

II. 

13 .1 

87 

121 

7-3 

lOO 

15 

14 

37th 

III. 

9 » 

8*1 

XIO 

9*1 

126 

16 

15 


The following are the most widely distributed species of plants found 
in the loch; Myriopkyllum altemiflorum, Littorella laeustris, and 
Cladophora flavescens. 

At the head of the loch, at Mill of Rango, Waterhall, and in general 
wherever the salinity is below i part per thousand, the following typically 
fresh-water species occur: Menyanthes irifoliata L., Polygonum amphi- 
bium L., PotamogetoH lucens L., /*. heterophyllus Schreb., P. pralongus 
Wulf., P. fiiiformis Pers., Phragmites communis Tnn., Juncus balthieus 
Wind., Ciutra aspera Willd., C. baltica Brflgel, Equisetum palustre L., 
FonHnalis kntipyrttica L., Cladophora holsatica KQtz. 





188 


Edith A. T. Nical, 


The following animals occur universally round the shores: 

Spongilla lacustris (L.). Neritina fluviatilis. 

Hydrobia jenkinsi. 

Glossosiphonia complanata (L.), 

JcRra marina, GasterosUus aculeatus, 

Gammarus duebeni, . Anguilla vulgaris. 

Small shield-shaped caddis cases, probably belonging to a species of 
Hydroptila, were abundant everywhere under stones, but no adults were 
obtained. 

The following fresh-water species occur in the fresher parts and 
particularly at Baikataing, Mill of Rango, and Waterhall:— 

Hydra grisea L, Ephemerella ignita Poda. 

Lepiocerus dnereus Curt. 
Glossosiphonia ktieroclita (L.). Mysiacidts longicornis L, 

Helobdella siagnalis (L,). Polycentropus flavomaculatus Piet. 

Hamopis sanguisuga (L.). Sigara disHneta Fieb. 


Plumatella repens (L.). 

Clobon sp. 

Sialis luiaria L. 


Limnmaperegra (Mtiller), 
Planorbis contortus (L.). 
Spharium corneum (L.). 


Plankton hauls were made at Stations A, B, and C. Daphnia longi* 
spina O. F. Muller, Diaptomus laticeps Sars, and Cyclops strenuus Fischer 
occur at all three stations, Cyclops viridis (Jurine) and C. agilis Koch at 
Station A, C. agilis at Station B, and C. albidus Jurine at Station C. The 
blue-green alga Anabmna variabilis Kiitz. was present throughout the 
loch in the surface waters. 


Notes on the Fauna. 

Hydrobia jenkinsi, —Hydrobia occurs everywhere in the Lochs of 
Harray and Stenness except in a small area near Bridge of Waithe. In 
the Loch of Harray it is limited in distribution by its need of a solid 
substratum; at Mill of Rango, where the bottom is thickly covered with 
Cladophora holsaiica^ H, jenkinsi is present in small numbers, but near 
Bridge of Brogar in the same depth of water, where the bottom is muddy, 
it is absent. In the Loch of Stenness another limiting factor comes into 
play. Although large areas of the bottom are covered with weed giving 
as firm a substratum as at Mill of Rango, not a single specimen of H. 
jenkinsi was obtained from deep water. This appears to be due to the 
higher salinity of the bottom water. The salinity limits of the species in 



The Brackish-water Locks of Orkney, 189 

North Uist are o to 23 parts per thousand (Nicol, 1936) and in Randers- 
Qord in Jutland x to 20 parts per thousand (Johanssen, 1918). 

Elsewhere on the island H, jenkinsi occurs in entirely fresh water—for 
example, in the burns of Bankhead, Skarrataing, Maeshowc, and the mill 
dam at Quoys, all in communication with the brackish lochs. None of 
the larger fresh-water lochs contains Hydrobia except the Loch of Skaill, 
where it is abundant. It was suggested in connection with the distribution 
of this mollusc in North Uist that calcium in considerable concentration 
was necessary to enable it to colonize fresh water, but in Orkney all water 
has a high calcium content, yet H, jenkinsi is not universally present, 
suggesting that calcium is not the only factor involved. When the mollusc 
first made its appearance in Orkney is not known; but as neither Scott 
(1890) nor Waterston (1903) mentions its occurrence, although they both 
collected Neritina, it is reasonably certain that it is a recent colonist. It 
was first reported by Oldham (1927), who found it in enormous numbers 
round Bridge of Brogar. 

Peringia ulvce, —The distribution of Peringia in the Loch of Stenncss 
is peculiar. Not a single specimen was obtained from the shores of the 
loch, although in similar lochs in North Uist it occurred right into the 
shallow water; but dredging in any part produced thousands, especially 
where there was weed on the bottom. The shells are of large size, those 
of 9 mm. in length being common, and show no signs of erosion. For 
Peringia salinity cannot be the limiting factor here, because in North Uist 
and elsewhere the mollusc occurs between the salinities of lo and 34 parts 
per thousand. Outside the Loch of Stenness it is absent from the Bush 
and various small estuaries in other parts of the island. 

NeriHna fluviatilis, —These two lochs are the only places in Scotland 
where this mollusc has established itself, and it was first recorded there by 
Edward Forbes (Jeffreys, 1862). Elsewhere in Britain it does not occur 
in brackish-water, but is common in streams* and canals throughout the 
greater part of England and in calcareous districts in Ireland, It is absent 
from Devon, Cornwall, Cumberland, and wherever in fact the water is 
particularly soft. Typical figures for the calcium content of streams 
inhabited by Neritina are 20 to 30 mg. per litre (Boycott, 1936). On the 
Continent a dwarf race occurs in the Baltic between the salinities of 2 and 15 
parts per thousand, but is prevented from penetrating into fresher water 
by the prevalent low temperatures, its limits of distribution coinciding with 
the isotherm of 13® C. In the Gulf of Finland it does not occur in water 
below 6 parts per thousand salinity; in the Gulf of Bothnia, where the 
winter temperature is higher, it is found in water as low as 2 parts per 
thousand salinity; in Randersfjord it occurs in water of 0*2 part per 
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thousand salinity. In addition to this dwarf race a normal sized one occurs 
in most of the rivers flowing into the Baltic. Ellis (1925) gives the average 
length of the English specimens as ii mm.; those in the Loch of Harray 
average 9 mm., those in the Loch of Stenness 6*5 mm., showing again the 
dwarfing effect of the more brackish environment. 

It is curious that in Orkney Neritina should not have penetrated into 
any of the streams flowing into the lochs. This again may be a question 
of temperature, as all the streams are small and shallow and therefore 
subject to freezing in winter. Tomlinson (1936) has shown that the severe 
winter of 1935 caused the death of enormous numbers of Neritina in the 
Loch of H array. 

Mya arenaria. —This lamellibranch occurs as a dwarf form in large 
numbers among the weed at the bottom of the Loch of Stenness and also 
in the bare muddy patches. None of these individuals exceeds half an 
inch in length, but larger specimens up to 2 in. in length occur 
among the marginal weed; with a more efficient dredge larger specimens 
would probably have been obtained. Mya is the only bivalve present in 
the loch. A giant race of Cardium tduU L. (Winckworth, 1928) occurs 
in the Bush, which makes its absence from the loch even as spat the more 
surprising. 


Summary. 

The Lochs of Stenness and Harray on the mainland of Orkney are the 
only known stations in Scotland for Neritina fluviatilis L. The Loch of 
Stenness has a salinity varying between 9 and 26*8 parts per thousand; 
24 species of invertebrates live in the loch, as well as several kinds of fish. 
The distribution of H. jeniinsi Smith and Peringia ulva Pennant is 
peculiar and only partly explicable by the salinity. The Loch of Harray 
is almost fresh and only slightly affected by spring tides, the salinity 
varying between 0*6 and 4*3 parts per thousand. Twenty-seven species of 
invertebrates are to be found in it, most of which are fresh-water species. 
The calcium content of the lochs varies from 56 to 139 mg. per litre. 
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Introduction. 

KaryoloGICAU studies on spermatogenesis in species of aquatic bugs 
of the family Corixidae have brought to light several examples of an 
unusual type of chromosome behaviour during the course of meiosis. 
It is considered to be an association of non-homologues in a manner 
unexampled in other animal species. 

Prokofieva (1931, 1933) has described spermatogenesis in Corixidse, 
giving a detailed account of one species, Corixa distincta Fieb., and 
comparing eleven other species of Corixa^ Callicorixa^ and Macrocorixa, 
In extending this study of the Corixidae non-homologous association 
was found in species not described by Prokofieva. The nature and 
effect of this association on the chromosomal changes during the first 
meiotic division form the subject of this paper. 

Material and Methods. 

Testis preparations have been examined of Scottish specimens of 
the following species of Corixidee:— 

Genus Corixa Geoff. {Macrocorixa Yatsch.): C, punctata Illigeir' 
{geoffroyi Leach), C. dentipes Thoms. 

Genus Sigara Fab, {Corixa Geoff.): 5 . linncei Fieb., S, striata Fieb., 
5 . distincta Fieb., 5 . fallenii Fieb., 5 . castanea Thoms., 5 . semistriata 
Fieb., 5 . fabricii Fieb,, S. fossarum Leach, 5 . scotH Fieb., S, carinata 
Shlb., 5 . germari Fieb. 

Genus Callicorixa White: Ca. prmusta Fieb., Ca, wollastoni D. & S., 
Ca. caltdonica Kirk., Ca. concinna Fieb. 

Genus Glcenocorisa Thoms.: G. cavifrons Thoms. 

Genus Cymatia Flor.: Cy. bonsdorffi Shlb, 

To obtain all stages in spermatogenesis, males in the last nymphal 
instar and early imaginal state were dissected in Ringer^Locke physio- 
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logical saline and the testes fixed immediately after removal. Fixation 
for eight hours in Alienas Picroformol A3 or Langlet’s Navashin mixtures 
gave consistent and satisfactory results for the meiotic phases of 
spermatogenesis. Where fixation of the pre-meiotic spermatogonial phases 
was desired, two hours in Langlet's Navashin or La Courts 2 BE was 
found to be preferable. 

Sections were cut 20 micra in thickness after double embedding by 
the method of Peterffi (1924) and were stained by Newton's Gentian 
Violet method. Smear preparations stained with Zirkle's Aceto-carmine 
and Feulgen technique were used to assist the analysis of special structures. 

Description. 

Of the twenty species examined, Corixa punctata^ Sigara carinata^ 
and Cymatia bonsdorjffi were found to have the paired autosomes and 
sex chromosomes associated non-homologously during the first meiotic 



division. This condition was seen particularly well in C. punctata and 
will be described in detail in this species. 

In Corixidae spermatogonial divisions take place in the last nymphal 
instar (Prokofieva, 1933), punctata this phase is not complete 

until early imaginal. life. Nuclei at the apices of the tubules of young 
adults still show spermatogonial divisions. An accurate analysis of 
these divisions was rendered uncertain by the difficulty attending satis¬ 
factory fixation. Several phases of the pre-meiotic division have been 
observed. Prophase stages show the diploid number of chromosomes 
as irregular threads of which the longer tend to be polarised at a 
condensed body (text-fig. i). 

This condensed body seems to represent the large nucleolus combined 
with the precocious X and Y chromosomes, later seen to be character¬ 
istic of the first meiotic division. As the chromosomes spiralise they 
vot. tvui, »^37"'3S, SASt ii. 13 
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contract to short thick rods, the larger elements being slightly curved. 
The diploid number (2w) of chromosomes is now shown to be twenty- 
four, there being twenty-two autosomes and the X and Y chromosomes. 
This number is characteristic of the Corixidae. At present there is only 
one known departure from it, the exceptional species being Cymatia 
bonsdorffi with 2« = 26. Contraction reaches its maximum at metaphase 
where there is a tendency for pairs of chromosomes of similar size and 
shape to lie together (text-fig, 2). Such distribution on the metaphase 
plate is an indication of somatic pairing of the homologous chromosomes. 
Somatic pairing during mitotic metaphase has been found in various 
Diptera, e.g, in Drosophila (Metz, 1916) and Culex (Moffet, 1936). 
The pairing in Culex is so close that the homologous chromosomes were 
mistaken by Taylor (1914) for sister chromatids and led her to an 
erroneous interpretation of the spermatogonial divisions. In Drosophila 
also, Stern (1931) demonstrated “somatic crossing-over*’ genetically, 
involving reciprocal exchange of segments between homologous chromo¬ 
somes. From the behaviour during mitotic metaphase in C. punctata 
it seems that the homologous chromosomes tend to associate, but the case 
for somatic pairing cannot be more clearly defined than this owing to 
the small size and strong contraction of the chromosomes. Indications, 
of a similar apposition of homologues which might be regarded as 
somatic pairing may also be seen in figures given by Prokofieva (1933) 
of spermatogonial metaphase in C. dentipes. 


In the resting nuclei of the primary spermatocytes about twelve 
chromatic aggregates appear which are scattered within the nucleus 
at random. These bodies have been termed “pro-chromosomes** in 
C. distincta by Prokofieva (1931) and in Lygeeus and Oncopeltis by 
Wilson (1928), and, as they correspond in number to the haploid com¬ 
plement, may represent parts proximal to the centromere (Geitler, 1934) 
of chromosomes which are already closely apposed. Some of them may 
represent anlagen of attraction centres (see below) or nucleolar material. 
They have a wide variation in size and form, ranging from subspherical 
bodies to oblong masses and short thick threads, which even at the 
earliest stage observed show a few fine thread-like connections. With 
increase in the size of the nucleus these bodies elongate to irregular 
threads with an anastomosis of finer filaments. In the centre of the 
resting nucleus lies the large nucleolus already referred to, distinguished 
from the rest of the complement by its lower staining power. Attached 
to one side of this nucleolus is a chromatic body larger than the other 



Chromosomes in Corixidm (Hemiptera-Heteroptera), 195 

“pro-chromosomed.'' This characteristic configuration represents the 
nucleolus and the sex bivalent seen to be in association throughout the 
prophase of the first meiotic division. 

Increase in size of the nucleus and cell continues until it is approxi¬ 
mately twice that of the earliest phase of the resting stage. At the same 
time the presence of a haploid complement of paired chromosome threads 
becomes increasingly evident. The 
chromosomes are seen as slender threads, 
paired throughout the greater part of 
their length and in which it is possible 
to determine similar chromomeres in 
apposition. Where the chromosome 
ends are free they can be seen to bear 
terminal knoblike enlargements of 
chromatic material. As a rule few free 
ends occur, since all nuclei at this stage 
show a marked degree of polarisation 
of a peculiar form (text-fig. 3). All or 
most of the bivalents are intimately 
united either by their ends or by their 
sub-terminal regions. In exceptional 
cases an apparent lateral union by a very fine thread occurs, but this is 
not typical in character and is probably due to fixation. They exhibit, 
therefore, a property of non-homologous association of specific parts of 
the chromosomes. 

For the purpose of discussion, there being no fundamental difference 
between the two classes, the types of association may be arbitrarily 
classified into— 

(a) attraction centres, where the ends of more than two bivalents 
are polarised at one point; 

(i) junctions, in which the ends of two bivalents are associated by 
a terminal or sub-terminal union. 

The extent to which these structures are artefacts cannot be precisely 
stated, but that they are no more so than the chromosome threads is 
evident, since they are present irrespective of the type of fixative used 
in preparing the material. On the other hand, some differences due to 
technique exist which may be used to analyse the nature of the 
associations. 

With fixation by Langlet’s Navashin or Allen's Picroformol A3 and 
Gentian Violet staining, the attraction centres and junctions appear to 
be the union of the ends of bivalents by means of a ring-shaped or solid 



Fig, 3. —Meiotic prophase at end of 
zygotene stage. 

c « attraction centre. (Autosomes 
partially represented.) 
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mass of chromatic material. At the end of the zygotene stage the 
material constituting these masses stains intensely, throwing the centres 
into strong relief (text-fig. 3). Later, as the chromosomes contract and 
thicken, their staining becomes more like that of the centres, and the 
difference is lost. 

Material fixed for two hours In Langlet’s Navashin mixture and 
stained by Feulgen’s method gave precisely similar results as with 

Gentian Violet, the chromosomes and 
uniting material being stained to the 
same extent. Treatment of smear pre¬ 
parations with Zirkle’s Aceto-carmine 
reveals in greater detail the structure 
of these associations, and it is seen that 
each chromosome end bears the rounded 
knob referred to above, which is fused 
with that of any chromosome Other than 
the partner homologue. For example, 
in an attraction centre comprising four 
bivalents, the ends of the homologous 

Diagram i.—The structure of an attraction chromosomes A' and A* are associated, 
centre involving four bivalents. ... ,.1 . , , . , 

With those of the neighbouring chromo¬ 
somes B' and C'; while B* and C are similarly associated with the ends 
of the fourth bivalent D' and D* in the manner illustrated in the diagram 
(diagram i, Plate (a)). Junctions may take 
the form of end-to-end contacts or the 
association of one end of a bivalent with 
the sub-terminal region of another which 
also appears to possess an aggregation of 
chromatic material. Only one sub-terminal 
region having this property occurs in a 
single bivalent. 

Non-homologous attraction character¬ 
ising meiosis of C. punctata results in a 
variety of configurations in the prophase 
nucleus. In the simplest form one end of 
a bivalent may make contact with an end of 
a second, opposite ends in each case being 
free, but generally structures of greater com¬ 
plexity are found. One bivalent may be 
polarised at each end at two centres or at the same centre. If pc^arised 
at two centre! it may also be associated at a sub-terminal point with the 



Fio. 4. 


Meiotic prophase At early ^ 
diplotene. 

/|numple loop bivalent 
4 interlocking loop bivalents. 
tj ^ sub-tenninal junction. 

<Xy in outline.) 


Ckr 0 mo$^m€S in Corixida (Hemiptera^Heteroptera). 197 

end of a second bivalent. Two or more bivalents may unite into a chain 
by simple junctions and the ends of the chain enter attraction centres. 
When both ends of a bivalent or chain of bivalents enter the same centre 
a loop is formed (Plate (b)) which frequently interlocks with a similar 
loop polarised at a second centre. Text-fig. 4 and diagram 2 illustrate the 
different typ^s of association observed. A small nucleolus occurs on one 
bivalent in an interstitial position, and at late pachytene may be found free 



haviour may be followed. In most cases this bivalent forms associations 
by simple junctions, and in one nucleus by an attraction centre and a 
junction; but in no instance does the interstitial nucleolus fuse with the 
uniting material developed by other bivalents, since interstitial associa¬ 
tions have not been found. 

Table I. 

No. per Nucleus of Attraction Centres, Junctions, and 
Free Bivalent Ends:— 

o, I. 2. 3. 4. $. 6. 7. 8. 9. 10. II. 

No. of nuclei f Attraction centres 018 10 31000000 

with each 1 Junctions . .386212100000 

class of V Free bivalent ends 001 763 13 10 01 

Table showing segregation of 23 nuclei into classes having different numbers of 
attraction centres, junctions, and free bivalent ends at pachytene and early diplotene 
sUges. 

Table I illustrates the extent of polarisation and non-homologous 
union, though allowance must be made for error arising from the low 
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number of nuclei on which it is based. The degree of polarisation varies 
but is generally well developed. In all nuclei at least one attraction 
centre occurs, the frequency in each nucleus ranging from one to six 
and showing a modal value of three. Since the mode coincides with 
the mean a random distribution of the numbers of centres is indicated. 
The frequency of junctions is correspondingly low, 60 per cent, of the 
total number of nuclei examined having one or two such associations. 
This refers to both end-to-end and sub-terminal relationships, the latter 
having a frequency of 43 per cent, for one sub-terminal junction and 
4 per cent, for two, in individual nuclei. Loop bivalents were found 
in 70 per cent, of the nuclei examined. 

Where bivalents remain unpolarised, either wholly or partially, the 
distribution of the different numbers of free bivalent ends given in 
Table I shows their frequency. This distribution, which does not include 
short free ends in cases of sub-terminal contact, reaches a major peak 
of 30 per cent, for nuclei with three free ends, and minor peaks for those 
with seven and eleven. 

Orientation of the centres is not entirely random. They tend to take 
up a peripheral position close to the nuclear membrane. When two 
centres occur they usually lie at opposite sides of the nucleus, and when- 
three are present their loci are separated by approximately one-third of 
the circumference of the nucleus. 

The XY bivalent is free from association in about 70 per cent, of the 
nuclei, but otherwise forms an attraction centre with one or more auto- 
somes. The striking dissimilarity of this bivalent from the autosomes, 
engendered by its precocious condensation and close association with 
the large nucleolus, makes it the most outstanding body in the prophase 
nucleus. 

It is possible to determine the structure of the sex bivalent during 
pachytene due to the progressive opening out of the condensed mass 
taking place through the relaxation of the intimate association with the 
nucleolus, similar except for its precocity to the behaviour of the auto¬ 
somes at the diplotene stage. In the typical form two sub-terminal 
chiasmata are found in short pairing segments separated by a long 
intercalary differential segment in both X and Y (text-fig. 5, diagram 3). 
The two chromosomes differ but little in length, though the X is 
recognisably the longer. When autosomal attachments occur they are 
located close to one chiasma. In many nuclei this typical form of the 
XY is obscured, apparently owing to the effect of the fixative on the 
degenerating nucleolus, whereby it condenses into an irregular network 
of strands connecting the two chromosomes. 
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One chiasma may become terminal before the end of pachytene, but 
the time at which this occurs varies and it may not take place until early, 
or even late, diplotene stage. The terminalisation of one chiasma before 
the other is characteristic, and is probably that of the short arm. Types 
may be found in which no chiasma forms at one end; and in exceptional 
instances pairing appears to have failed entirely, the nucleolus alone, 
serving to hold the X and Y together. 

The nucleolus generally disappears during the opening out of the 
sex bivalent, remaining longer in atypical figures where pairing is in¬ 
complete. The heteropycnosis of the XY and large size of the nucleolus 

X 


Fig. 5,—XY bivalent 
at diplotene with 
attached autosomea. 

in which it appears to be embedded retards the rate at which extension 
and opening out of the differential segments proceeds in relation to the 
autosomal changes. 

During the pachytene stage the nucleus undergoes synizesis and passes 
into a phase where fixation fails to preserve the normal structure of the 
chromosomes. They clump together and cannot be clearly distinguished. 
Because at all other stages the chromosomes do fix satisfactorily, such 
a failure suggests the occurrence of active physico-chemical changes 
within the nucleus at this time. 

With the onset of diplotene a progressive opening out of the loops 
in the paired homologous autosomes commences owing to repulsion 
between them. Relational coiling between the chromosomes of the 
individual bivalents can be clearly recognised when this occurs (text- 
fig. 6; Plate (rf)). With few exceptions all the autosomal bivalents arc 
seen to be relationally coiled. The degree of coiling does not seem to 
show any direct relationship to the length of the bivalent. Both long 
and short chromosomes frequently show the same amount in the same 
nucleus. Free bivalents do appear to show a greater degree of coiling 
relative to their length than those which are completely polarised, and 
this also applies to those with one free end. In some cases coiUng is 



Y 

Diagram 3.—Normal pairing of XY bivalent. 
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not consistently developed throughout the length of a polarised bivalent, 
but fails towards one end, and finally instances occur where relational 
coiling and interstitial chiasma formation are absent, pairing being 
maintained only at the ends. Though coiling may be determined it 
has not been possible to demonstrate in all cases at this stage the 
difference between simple passage of one chromosome over its partner 
and actual chromatid crossing-over between the two. 

A second kind of coiling has been observed where two re-entrant or 
loop bivalents interlock (see p. 197), (text-fig. 6). If these are polarised at 

diametrically opposite centres 
and are pulled out owing to 
their combined length, being 
approximately equal to the 
distance between the poles 
{i,e. attraction centres), then a 
further coiling may take place 
between the two arms of the 
looped bivalent. This is op¬ 
posite in direction to that of 
the relational coiling. It bears, 
a resemblance to the doub¬ 
ling back and coiling of the 
univalent inert B chromo¬ 
somes observed in polysomic 
complements of Zea mays 
(McClintock, 1934) and in 
salivary gland chromosomes of 
Drosophila (Roller, 1935). In this case the doubling is of a bivalent, and 
the coiling may be an expression of unsatisfied tension produced by the 
combined effects of relational coiling and the attachment of the ends at 
attraction centres. 

At later diplotene stages the polarised bivalents enter into a phase 
in which progressive liberation from attraction centres and junctions 
takes place. This breaking up of the association complex is not usually 
completed until metaphase. The number of free bivalents at each stage 
of the first meiotic division given in Table II illustrates this process. 

At pachytene and early diplotene the numbers of free bivalents 
represent those which have never been associated with the polarised 
elements in the nucleus. From mid-diplotene to late diakinesis the 
increase in mean number of free bivalents per nucleus indicates a rapid 
release of the individual bivalents until, at prometaphase, snost^ and at 


C 



Fig. 6, —Meiotic prophase at mid-diplotene. 
fa =s free autosome. tj «terminal junction. 
Other lettering;: as in hg. 4- (Insert XY 
and remains of nucleolus.) 
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metaphase all, of them are free. The mechanism which brings about 
this separation of the haploid complement into its components is that 
which normally operates in the nucleus during the passage from diplo- 
tene to metaphase. 

Table IL 


Stage. 

id) 

Mean No. of Free 

w 

Mean No. of Free 

w 

No. of 

Bivalents per 
Nucleus. 

Sex Bivalents 
per Nucleus. 

Nuclei 

Counted. 

Pachytene and early diplotene 

1*182 

0*727 

11 

Mid-diplotene . 

1*477 

0*762 

21 

Late diplotene 

4*771 

0*690 

33 

Early diakinesis 

7'8oo 

0*6^ 

10 

Di'akinesis 

8-936 

0*886 

>9 

Proxnetaphase . 

11*484 

0*954 

16 

Metaphase 

12*000 

1*000 

20 


In the first place internal spiralisation, now actively taking place, 
contracts the chromosomes until, at metaphase, the length has been 
reduced to approximately one-seventh of that at diplotene shortly before 
any liberation of associated elements occurs. Secondly, the mutual 
repulsion of paired homologues and attraction centres, already seen at 
pachytene and early diplotene, still continues. These two forces, the 
one internal, the other external, act concurrently to draw away the 
associated ends of bivalents from one another. As they separate the 
material forming the union is drawn out into fine threads. Each chromo¬ 
some is seen to connect with a non-homologous chromosome of another 
bivalent by one thread, while no such connection exists between homo¬ 
logous partners. Once one end of a completely polarised bivalent or 
chain of bivalents is freed from an attraction centre, contraction can 
play no further part in causing separation of the units from the remain¬ 
ing centre and junctions, if the latter be present. Two further forces 
are brought to bear on the associated complex. These are the repulsion 
forces acting between the bodies of homologous partner chromosomes 
and between their centromeres. At a late phase of the diplotene stage, 
in bivalents having more than one chiasma, interstitial loopi widen and 
assist in shortening the distance between the ends. Distal ends pos¬ 
sessing no terminal chiasmata tend to separate, as do ends having 
terminal or sub-terminal centromeres. Under the influence of these 
forces the threads joining non-homologous chromosomes are stretched 
still further and ultimately break, freeing the bivalents from their associa¬ 
tions. Complete dissociation is not achieved at once. Frequently the 
first to break is one thread of the union between two bivalents, leaving 
the second joining thread intact, This type of breakage is found in the 
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liberation of bivalents having unpaired end segments strongly repulsed, 
and the remaining connection persists until broken by the mutual 
repulsion of all bivalents, which completes the diakinesis stage. Terminal 
or sub-terminal chiasmata allow the connections between both pairs of 
chromosomes of two bivalents to exist until a later stage by preventing 
this separation of homologous end segments. This is well shown in 
the association of the XY bivalent with an autosome. Here the sub¬ 
terminal chiasmata of the XY allow no separation of the ends, and con¬ 
nection with the autosome may endure longer than any other non- 
homologous association, as may be seen from the frequency of free sex 



Fig. 7.—-Late diplotene. Complex union Flo. 8.—Early diakinesis. Partial breakage of 

of four bivalents due to non-hoxnologous a chiasma due to separation of fxised homologues. 

assoaation. (yor explanation of lettering, see p. 203.) 


bivalents (Table II), at successive stages where the sudden rise does not 
commence until early diakinesis. 

At late diplotene instances of false interlocking occur where one 
bivalent passes through the loop formed by the opening out of the 
partner chromosomes of another. It probably took place at an early 
stage before the completion of pairing when strong repulsion forces 
were not operating to prevent the interlocking. Fixation of the bivalents 
at attraction centres would subsequently play a part in maintaining the 
positional relationship. 

In several nuclei an association of four bivalents seems to depart 
from the rules governing non-homologous associations observed by all 
other complements examined. Three of these bivalents are united by 
chromatic threads in a manner which can only be analysed as a tmion 
of one chromosome with the chromosomes of two other bivalents by a 
double thread (text-fig. 7). The interpretation of this configuration is 
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rendered difficult by the combination of terminal and sub-terminal 
associations and the contraction of the chromosomes. 

In some nuclei the union of non-homologous chromosomes occasions 
the partial breakage of chiasmata (text-fig. 8). Here the ends of chro¬ 
matids a* and a'', of partner chromosomes A', A' are united with the 
ends of chromatids b* and b" of another pair B', by separate strands. 
Repulsion of the bivalents has set up sufficient tension in the connecting 
strands to cause the breakage of the homologous association of these 
chromatids at the chiasmata. It is important to note that in this case 
chromatids and not whole chromosomes are united by separate strands 
in the non-homologous union. From this structure it may be inferred 
that the association of non-homologous chromosomes, so far seen to 
be effected by single chromatic strands, is in reality an association of 
individual chromatids. If this view be taken, each chromosome is con¬ 
nected by two parallel strands as a result of division of the homologues into 
daughter chromatids. This may well have occurred if the two bivalents 
were closely approximated at the time and the uniting material condensed 
into a compact mass, repulsion of the bivalents then drawing it out into 
a pair of strands. Such behaviour indicates a further character of the 
uniting material, namely, that it has a predetermined cleavage plane along 
the axis joining its points of contact with the non-homologous chromo¬ 
somes, In a few instances bivalents seem to show this partial breakage 
of a chiasma after the lapse of non-homologous union at metaphase. 


During diakinesis the bivalents show maximum repulsion and lie 
for the most part near the nuclear membrane. 

At this stage non-homologous association has relaxed until only 
two elements remain united as a rule, but occasionally three or four are 
still conjoined. All members of the complement have now contracted 
to a marked extent, and appear as short rods, crosses, or rings, according 
to the number and degree of terminalisation of chiasmata. Contraction 
is accelerated from diplotene onwards in the autosomes relative to that 
in the sex bivalent, which becomes difficult to recognise in many nuclei 
as its former precocious contraction now no longer serves as a dis¬ 
tinguishing character. 

In some preparations with optimum fixation and staining the posi¬ 
tion of the centromeres and their relation to chiasma distribution can 
be determined. The product of advanced contraction and strong 
repulsion of the sub-terminal centromeres in certain autosomes forms 
a characteristic structure. The short proximal arms of these chromo- 
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sotnes, represented by minute spherical bodies, are drawn away from the 
long arms and remain separated by thread-like constrictions. The 
resultant structure bears a close resemblance to a trabant. The position 
of this structure varies according to chiasma distribution. Where the 
chiasmata are in the long arms the **trabants" stand at opposite ends of 
the terminalised bivalent (text-fig" 9 («)). A chiasma in the short arms 
{i.e, in the ‘‘trabants”) brings them together, so that they are placed on 
an axis perpendicular to that of the long arms (text-fig, 9 ( 3 )). In a few 
instances terminal non-homologous association still remaining between 
the short arms of two or more bivalents may be seen to draw out the 

(f 4. 

(«) W W 

Fio. 9.—Bivalents at diakinesis showing **trabants.*' 
ids Chiasma in long arm. 

(^) Chiasma in short arm. 

[c) Non-homologous fusion of short arms. 

constrictions to a length equal to that of the remainder of the bivalent 
(text-fig. 9 (r)). At the prometaphase, when formation of the spindle and 
congression of the bivalents at the equator of the cell take place, very 
few cases of bivalents remaining in connection have been found. 
Occasionally two or three are still linked by fine threads and appear 
to be retarded in their movement towards the equatorial plane in 
consequence. 

The first meiotic metaphase which follows this stage marks the final 
disappearance of any indication of non-homologous association of the 
chromosomes in Corixa punctata. 


In all other species of Corixid© of which the pachytene and early 
diplotene stages have been examined, attachment of the bivalent XY to 
one or more autosomal ends has been found (Plate (/)), The percentage 
frequency of this attachment varies from 12 per cent, of the nuclei in 
Sigara fabricii to 81 per cent, in Callicorixa concinna. There is also 
a marked tendency for high frequencies of XY attachment to be cor* 
related with an increased number of autosomal ends to which the sex 
bivalent is attached. 
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Additional evidence of the non-homologous association of autosomes 
not involving the XY has been found in only two species other than 
C. punctata. In Sigara carinata and Cymatia bonsdorffi pachytene 
and diplotene nuclei bear a close resemblance to the equivalent nuclei 
of C. punctata with respect to the appearance of attraction centres (Plate 
(^)); but the phenomenon in these two forms has not yet been studied 
in detail. 


Discussion. 

In the maturation divisions of the male germ cells of Corixa punctata 
two phases of the first meiotic division have not been observed. The 
chromosomes appearing during the early stages in the development of 
the primary spermatocytes never at any time had the appearance of a 
diploid set of single threads. Their first appearance as clearly defined 
threads is at late zygotene stage when pairing is nearly complete. 

In the light of the evidence of a tendency to somatic pairing during 
the pre-meiotic spermatogonial division, it is probable that attraction 
is exhibited by the homologous chromosomes in a precocious degree 
so that they segregate in close proximity at anaphase. Thus the homo- 
logues would be closely apposed at the ensuing resting stage. Such 
behaviour might well result in the elimination of visible leptotene and 
early zygotene stages and ensure pairing at meiosis. 

The most striking feature of meiosis in C. punctata is the non-homo¬ 
logous association of chromosomes and its persistence throughout the 
greater part of the first meiotic division. 

The enlarged chromosome ends at late zygotene and early pachytene 
resemble the polar granules*’ of Phrynotettix (Pinney, 1908; Wenrich, 
1916), which may also fuse together, and which Wenrich describes as 
expanding to form “vesicles** or “plasmosomes.** Corey (1933, ^ 937 ) 
observed fusion of chromosome ends in a number of Orthopteran genera. 
In all these cases the result of fusion is to form large irregular chromatic 
masses, and union of non-homologues only lasts until the early diplotene 
stage. 

Darlington (1936) suggests that fusion of non-homologous chromo¬ 
some ends is conditioned by the presence of nucleolar material. This 
implies that in the case of C. punctata all the chromosomes develop, or 
may develop, nucleoli of which the organisers are terminal or sub-terminal 
in position. The enlargement of the free ends of chromosomes to form 
knobs agrees with this idea. They may possibly represent aggregates 
of nucleolar material which have failed to fuse in competition with the 
aggregates of the successful attraction centres. 



2o6 H. D, Slacks The Association of Non^homologous 

The behaviour of the XY complex, both in C. punctata and in other 
species, also upholds the theory of nucleolar fusion and is probably its 
strongest support. When the sex bivalent has attached autosomes its 
extension and opening out does not as a rule take place until the auto¬ 
somal association lapses at diplotene, and the bivalent remains until 
then in the condensed mass chafkcteristic of the earlier phases. This 
breaking of the fusion of the autosomal connection with the sex bivalent 
is not necessarily to be regarded as a trigger mechanism instigating 
further development of the XY complex, but may be considered an 
expression of the dissolution of nucleolar material which by liberating 
the chromosome elements allows extension to take place (Darlington, 
1936). It is necessary to decide in this case whether the liberation of 
the autosome occurs independently of the liberation of the XY from 
the nucleolus or whether both are a function of the dissolution of the 
nucleolus. Since the general procedure seems to be for the nucleolus 
to disintegrate in advance of the autosomal liberation, it may be con¬ 
cluded that it is an independent process which collaborates with the non- 
homologous union to bring about the delay in the opening out of the XY. 

The evidence provided by the application of Feulgen’s technique 
(p. 196) is certainly contrary to the hypothesis that nucleolar material is 
responsible for the union of non-homologues. This reaction seems to 
be the most reliable microchemical test for the presence of thymonuclein, 
and although instances are known where chromosomes do not give a 
positive result while the nucleoli do {e.g. ‘Uampenbtirsten*' chromo¬ 
somes of certain growth stages of egg-nuclei of Salamandra are negative 
and nucleoli of growing eggs of Stegomyia are positive with respect to 
Feulgen technique (Hartmann, 1933)), it may generally be assumed that 
nucleoli do not stain by this process. As already stated, both the chromo¬ 
somes and the material uniting their ends gave positive results, and the 
latter on these grounds cannot be accepted as nucleolar in nature. 
Furthermore, the material uniting non-homologues persists up to meta¬ 
phase and is stretched out under the influence of chromosome repulsion 
at late diplotene, whereas nucleoli disintegrate at an earlier stage. Some 
difference must exist, therefore, between this uniting material and the 
material of nucleoli. 

In notes on the heterochromatic chromosome ends of Crepis^ Kostoff 
and Arutinian (1938 a and b) have drawn attention to the property of 
heterochromatic inert regions to form non-homologous associations 
shown to be true in the case of Drosophila by Prokofieva-Belgovskaya 
(1935). In the salivary gland nucleus of Drosophila the centromere 
regions of the. chromosome pairs are heterochromatic and fuse together 
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to form a chromocentre. Bauer (1936) regards the heterochromatic 
material as consisting of modified chromomeres, **heterochromomeres ” 
differing from the “euchromomeres*' in their reaction to nuclear dyes. 
To these heterochromomeres he accords the special property of non¬ 
specific attraction. Moreover, Bauer postulates a non-specific affinity 
of terminal chromomeres in these chromosomes which exist in a con¬ 
dition of permanent prophase. The application of similar properties 
to the chromosomes of C. punctata offers another explanation of the 
attraction between non-homologues. Association at centres and end- 
to-end junctions may be a function of Bauer’s “non-specific affinity of 
terminal chromomeres/’ and sub-terminal junctions a function of “non- 
homologous attraction of heterochromomeres.” In this respect it may 
be pointed out that all the observed types of association can be analysed 
as being the union of two, and only two, non-homoiogous chromosomes 
at one point (analogous to pairing in polyploids with homologous seg¬ 
ments), This is illustrated by the characteristic ring formation of centres 
concerning four or more bivalents (diagram i). 

McClintock (1933) described knobs of deeply staining material on the 
prophase chromosomes in pollen mother-cells of Zea^ and Longley (1937) 
reported similar knobs in other grasses, namely, Euchlmna, Euchlcena- 
Zea hybrids, and Trypsacum^ and observed their fusion to produce non- 
homologous associations. Longley suggests that these knobs are large 
chromomeres, and also concludes that they represent inert regions of the 
chromosomes which possess the power of sticking together. The associa¬ 
tion of many chromosome ends bearing knobs results, however, in a 
large undifferentiated mass, and does not seem to produce the ring- 
formation characteristic of the uniting material in pachytene chromosomes 
of Corixa punctata, Non-homologous association in C, punctata appears 
to be regulated by a special type of behaviour which does not govern the 
similar association in Euchlmna and its allies. 

Several factors may contribute to bring about the condition observed. 
It may be a secondary reaction due to, or at least facilitated by, a primary 
polarisation such as occurs in Chorthippus and Stethophymia (Janssens, 
1924). A primary attraction centre bearing perhaps some relation to 
the centrosome, as Darlington (1936) suggests, which causes an accumula¬ 
tion of all bivalent ends to one point in the nucleus, would enhance the 
formation of secondary associations of these ends by fusion. At the same 
time the possibility of interstitial associations taking place would be 
reduced, and this accords with the evidence. The observed phenomena 
of polarisation in C, punctata give no support to this hypothesis, and, 
unless the occurrence of a “bouquet stage” in C, distincta (Prokofieva, 
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1931) can be admitted as evidence of an initial primary pole, it must be 
inferred that several centres are formed primarily in each nucleus. 

It is possible that the centromeres play some part in bringing non- 
homologous chromosomes together. Darlington (1937) observed a 
tendency for centromeres to be mutually attracted in Agapanthus and 
Stauroderus, and suggests that this should be regarded as evidence of 
the essential homology of all centromeres by virtue of a common evolu¬ 
tionary origin rather than as non-specific attraction between them. 
Centromere attraction can play, at the most, only an accessory r 61 e in 
C. punctata, since both ends of the chromosome possess the property of 
fusion. It is worthy of note, however, that only one sub-terminal region 
has this property in any one bivalent, which suggests that it is the region 
of the centromere. While the fusion of a sub-terminal region with the 
distal end of the same bivalent has not been observed, it is to be expected 
that the association of sub-terminal regions of different bivalents (*./. on 
this assumption their centromeres) should occur. This also has not been 
found. 


Distinct from the problem of the nature of polarisation during prophase 
is the consideration of orientation of centres and junctions within the 
nucleus. Evidence in favour of some force operating on the centres is 
forthcoming from the behaviour of loop or re-entrant bivalents (p. 197). 
Where two such bivalents, associated with diametrically opposite centres, 
interlock, the loops are pulled out, indicating a movement of the attraction 
centres towards the periphery of the nucleus. It is noticeable that the 
peripheral position of the centres is reflected in that of the sex bivalent, 
and that those centres possessing the largest masses of uniting material 
are those which show the greatest regularity in taking up a position near 
to the nuclear membrane. This orientation suggests the action of an 
external force leading to a peripheral position of condensed elements 
in the nucleus. The action of an electrodynamic force (cf. Lillie (1905), 
Cannon (1923), Kuwada (1929)), in the form of a surface charge carried 
by the chromosomes, would tend to the mutual repulsion of all members 
of a complement. Here, however, the bivalents are restricted in their 
range of movement by the polarisation of their ends, while the attraction 
centres bearing large masses of uniting material might be supposed to 
exhibit stronger repulsion by virtue of a greater surface charge, and 
hence assume equidistant peripheral |>ositions, leaving single or con¬ 
joined bivalents associated with them to be mechanically arranged 
within the nucleus. As in the case of the sex chromosomes, free auto- 
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somes usually show a peripheral orientation in accordance with this 
hypothesis. 

With the separation of the bivalents and their opening out at late 
diplotene determination of chiasmata becomes possible. 

From the determination of chiasma frequencies at successive stages 
from late diplotene to metaphase, unexpected results emerge with respect 
to the terminalisation coefficient. As is to be expected, the number of 
chiasmata per bivalent falls owing to terminalisation until this is complete 
at metaphase. The sequence of terminalisation coefficients does not 
reciprocate the fall in mean number of chiasmata per bivalent. From 
late diplotene until diakinesis the terminalisation coefficient also falls, 
and thereafter rises rapidly up to unity, denoting complete terminalisation 
at metaphase (Table III). 


Table III. 
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17 

36 

4 

2 

0 

5 
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45 
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22 

24 

I 

I 

0 

4 

77 

26 
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82 

37 

I 

0 

0 

10 
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44 
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1-32 

0-277 

Diakinesis 

85 

33 

' 1 

o| 

0 

10 
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40 
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1-30 
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1^9 

, 7 

, 0 1 

01 

0 

3 

43 

27 

14-33 

I-I9 

0-627 

Prometaphase . 

32 

3 


0 

0 

3 

38 

38 

X2-66 

I-OS 

i-ooo 


Throughout these phases in the first meiotic division separation of 
non-homologously associated bivalents is taking place. Before separation 
many chromosome pairs may appear to have terminal chiasmata owing 
to their ends being closely held together by the tension in the material 
uniting them to other bivalents. As each bivalent breaks free, centromere 
and body repulsions force apart those paired chromosome ends which 
do not actually possess terminal chiasmata, and, so long as this process 
continues, the observed terminalisation proceeds in a negative direction. 
From diakinesis to metaphase true terminalisation is observed, and the 
coefficient rises in the expected manner, since the lapse of non-homologous 
association now allows a valid analysis. 

The persistence of the union of at least two of the bivalents up to pro- 
metaphase in some nuclei leads to the inference that the final expression of 
non-homologous association is to be found in the imperfect formation 
of a hollow spindle at first metaphase, a characteristic of most members of 
the Corixidae (Prokofieva, 1933). This conclusion is invalidated, however, 
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by the behaviour of the chromosomes at second metaphase when they 
still fail to form a perfect hollow spindle, and by the similar conformation 
of both spermatocyte metaphase stages in C. dentipes in which non- 
homologous unions do not occur. 

SUMMARY. 

1. The study of twenty species of aquatic bugs (Hemiptera-Heteroptera) 
of the family Corixidae has revealed the occurrence in Corixa punctata^ 
Sigara carinata, and Cymatia bonsdorjffi of non-homologous association 
of paired chromosomes during the first meiotic division in spermatogenesis. 

The pre-meiotic and first meiotic divisions in C. punctata are described, 
showing the appearance and effects of this property of the male germ- 
cell chromosomes. Its possible nature is discussed. Reference is made 
to a similar form of non-homologous association in 5 . carinata and Cy, 
bonsdorffi^ but these species have not been studied in detail. 

2. In the pre-meiotic spermatogomal division of C. punctata there is 
evidence of somatic pairing at prophase and metaphase. Leptotene 
and early zygotene stages were not found in the following meiotic prophase 
of the primary spermatocyte. On these grounds it is supposed that a 
tendency for somatic pairing leads to the close apposition of the chromo¬ 
somes when they become visible at the commencement of meiosis. 

3. All nuclei exhibit a form of non-homologous association involving 
all or most of the chromosomes from the time of their appearance in 
meiotic prophase until late diplotenc stage. It then commences to break 
up, and finally disappears at diakinesis or prometaphase, leaving free 
bivalents at metaphase, 

4. This non-homologous association concentrates the ends of bivalents 
into a limited number of loci within the nucleus, and may be looked upon 
as a form of polarisation. It is an association of non-homologues 
restricted to specific parts of chromosomes which are either terminal or 
sub-terminal in position. It appears to be a fusion of knob-like enlarge¬ 
ments of each chromosome resembling the polar granules” of Phry- 
notettix and to some extent the knobs found in Zea, Euchlmna, and 
Trypsacum chromosomes. Variations in fixation and staining technique 
which still give satisfactory images of the chromosomes do not cause a 
significant change in the appearance of the non-homologous association. 

5. To facilitate description the types of terminal or sub-terminal 
fusion have been grouped under two headings, viz, ”attraction centres” 
and “junctions,” according to whether more than two or only two bivalent 
ends associate at one point. Association at an attraction centre may be 
briefly described as being analogous to a multiple chiasma. 
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6. An account is given of the various configurations formed by this 
association and of the degree to which it extends in the primary sper» 
matocytes* The breaking-up of these configurations by the forces 
operating on the chromosomes from diplotene onwards is shown to draw 
out the uniting material into fine threads joining the non-homologues 
until they finally break, leaving all the bivalents free at metaphase. The 
influence of this process on the apparent terminalisation of chiasmata 
produces an atypical sequence of terminalisation coefficients probably due 
to the impossibility of determining true terminalisation until the dis¬ 
appearance of the non-homologous fusion. 

There is evidence also that relational coiling is partially interrupted 
by fixation of the ends of the chromosomes at the attraction centres. 

7. The nature of this association is discussed and reasons given for 
considering it to be the non-specific attraction of heterochromatic inert 
regions of the chromosomes rather than the fusion of nucleolar material. 
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XV.~On Rare Defects in Human Populations with Particular 
Regard to In-breeding and Isolate Effects. By Professor 
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by Professor F. A. E. Crew, M.D., D.Sc. (With One Diagram.) 

(MS. received April 28, 1938. Revised MS. received July 14, 1938. Read June 6, 1938.) 

I. Introduction. 

In theoretical analyses of the hereditary composition of human popula¬ 
tions it is often assumed that crossing occurs at random and that individuals 
with different hereditary make-up are equally fertile. This state of things 
has been called amphimixis. Sometimes such assumptions tally so closely 
with the actual state of things that it is possible to employ calculations 
carried out from this point of departure. In other cases processes present 
in populations cause larger or smaller deviations from amphimixis. 

Of particular importance is the fact that there are within the same 
country boundaries across which interbreeding seldom or never takes 
place. A country is divided by barriers of geographic nature—for instance, 
forests, rivers, and so forth—into minor populations within which it is 
fairly justifiable to speak 6 { amphimixis. Besides this there are also 
barriers of a social nature, preventing or rendering more difficult crossing 
between persons belonging to different social strata. Starting from this 
fact, we may maintain that a population is made up of minor populations, 
“ isolates within which we are fairly justified in speaking of amphimixis. 
In certain circumstances it is possible to ignore these boundaries, but 
more often it is not correct to assume that amphimixis occurs throughout 
the whole of the population. 

The term “isolate'' was first defined by Wahlund, and the significance 
of the isolate boundaries has from different points of view been analysed 
by Wahlund and by the present author. We may maintain that each 
separate individual has his own isolate, his own circle, within which it 
is possible for him to marry. For a larger or smaller group of persons 
these individual isolates may be considered as coinciding fairly well. 
An isolate is, in fact, no sharply circumscribed unity. The possibility 
of a marriage decreases, for instance, with geographic distance, in many 
cases in such a way that the isolate may be said to thin down slowly 



214 Gunnar Dahlberg^ On Rare Defects in Human Populations 

towards the remaining population. In order to get a better starting- 
point for calculations, however, it is suitable to conceive of the actual 
isolates as replaced by schematized unities of more distinctly circumscribed 
smaller circles within which amphimixis is considered as taking place. 

Naturally it is most reasonable to suppose that rare recessive characters 
first arise in the form of gene mutations. A person who by mutation 
becomes the carrier of a gene may not happen to propagate, in which 
case the gene disappears. But it may equally well happen that he 
leaves the gene to a larger or smaller number of descendants. In this 
way the gene may spread to a certain extent. After several generations, 
through marriage of related persons, the genes may be brought together 
in double dose so that a homozygote arises. In practice the earliest 
possibility is intermarrying of first cousins. The probability of this is 
greater in small than in large populations, and greater in cases where 
intermarriage of related persons commonly occurs than when it is rare. 
This implies that mutations which bring with them a serious recessive 
defect are more dangerous in small populations than in large. 

With regard to hereditary defects in general, it should be borne in 
mind that when the defect is serious and shows at an early stage—for 
instance, at birth—monohybrid dominance is as a rule out of the question.' 
Owing to their defects the character-carriers are not able to propagate. 
Dominant genes of this type consequently annihilate themselves at once. 
In recessive heredity the situation is different. Even though the homo¬ 
zygotes are not able to reproduce themselves, the gene may be transmitted 
to subsequent generations through the heterozygote. 

When trying to determine the occurrence of individuals who carry 
genes in latent form, we have to pay regard to the mechanism of isolates, 
Sjogren (1931) has carried out an approximate estimate of the frequency 
of heterozygotes with regard to amaurotic idiocy, and found that these 
cases amount to i per cent, of the population in Sweden. Referring to 
Wahlund and to Dahlberg, he emphasizes that the calculation is approxi¬ 
mate, and that the gene is only present in certain centres among the 
population, not being spread all over it. In point of fact this deviation 
from amphimixis all over the population makes the calculation altogether 
misleading. A correct calculation should show that in the isolates where, 
the gene occurs the frequency of heterozygotes is much higher than 
I per cent., whereas the number of heterozygotes as related to the entire 
population under these circumstances amounts to only a small fraction 
of I per cent. 

A question which thus presents itself is what processes affect.the 
frequency of characters of this rare type. It is obvious that the frequency 
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of mutation plays an essential part, but we are not able to influence it, 
and we know little about it. As has been pointed out above, we may 
only assert that mutations in large isolates are less risky than mutations 
in small isolates. When it is a question of characters of this type, the 
policy of sterilizing character-carriers is usually advocated. In principle 
this is to be desired. There is certainly no reason why a seriously defective 
person should be allowed to leave the gene of the defect to his offspring. 
In this context the author cannot discuss in detail under what circum¬ 
stances and to what extent such sterilization should be carried out. The 
object of this communication is to point out other important aspects 
of the problem. 

It has been shown that, when applied to very rare genes, sterilization 
of character-carriers has no real effect on the population. The first 
scientist to. give an extensive analysis of the problem from a mathematical 
point of view was J. B. S. Haldane (i923’“32). The present author 
also, without at that time knowing about Haldane's work, advanced 
formulae for the effect of selection and discussed their significance for 
human populations. (I wish to mention this here, because Haldane’s 
work, which was published in a journal of limited circulation, is not 
referred to in my earliest publications.) Such mathematical analysis 
postulates genes which show a specified frequency, it being assumed that 
the character-carriers themselves are prevented from propagation. It 
then appears that this brings with it—at first and when it involves a 
common gene—a rapid decrease of homozygotes. While the frequency 
of the gene is decreasing in this way its effect becomes gradually weaker. 
At low frequencies the effect is without appreciable significance from 
the point of view of the population. The following is a numerical example. 
If a gene has the frequency of 0*32 per cent., the character accordingly 
having the frequency of i in 1000, it will take ten generations before it 
is possible to reduce the frequency of the character-carriers by not quite 
one-half—that is to say, to 6 in 10,000, provided that all those who have 
the character are sterilized. 

In broad general lines the same issue may be approached from a 
different point of departure. Suppose a mutation has arisen in the 
above manner in a population and has gained a certain extension in 
an isolate. After some time a homozygote arises as the result of in- 
breeding. By comparison the number of heterozygotes in the isolate 
will be relatively enormous. So if he is prevented from propagation 
this does not imply that we appreciably reduce the heterozygotes simul¬ 
taneously present in the population. The latter reproduce themselves, 
and therefore the proportion of heterozygotes should be approximately 
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constant, provided that the heterozygotes show the same fertility as the 
remaining portion of the population. Sterilization or propagation¬ 
preventing measures will not be capable of forcing a gene below what I 
should like to term *‘the lowest heterozygote frequency.*' 

A good example of a recessive hereditary character which must behave 
in this manner is juvenile amaurotic idiocy. According to Sjogren's 
investigation, between four and five character-carriers of this type are 
born in our country annually. In spite of the fact that the homozygotes 
never propagate the gene has spread to a certain extent, and it is naturally 
out of the question to force the frequency of the gene down to a lower 
level by way of propagation-preventing measures, since character-carriers 
do not reproduce themselves. At the present time we are only in excep¬ 
tional cases able to recognize the heterozygotes and prevent them from 
propagation. 

In cases of more complicated forms of recessivity we get a similar 
mechanism. In dihybrid recessivity—that is to say, when two different 
genes in homozygotic form are indispensable to the development of the 
character—the figures which correspond to a given frequency of character- 
carriers depend on the frequency of both the genes in question. If one 
gene is very common, being present in practically all the individuals in 
the population, the selected character will behave approximately as if 
only one gene were involved. For the same frequency of character- 
carriers this is not so when there is no such disparity. The effect of 
selection is then essentially weaker than in the case of simple recessivity, 
and weakest of all when the frequency of the two genes is equal. 

When it is a question of simple dominance or those forms of dominance 
which correspond to complicated forms of recessivity, prevention of 
propagation or sterility of the character-carriers obviously results in the 
disappearance of the gene from the population. We may also distinguish 
a third type of heredity, that is polyhybrid dominance, when at least 
one gene out of each pair of genes is required for the character to arise. 
If, to begin with, we take dihybrid dominance, the character should 
behave approximately as if simple dominance were present, when one 
of the genes is very common. If, on the other hand, both the genes are 
equally frequent and the character is rare, what happens recalls the 
effect of selection on a recessive character of the same frequency. For 
rare characters it is exceedingly weak. For characters of the same 
frequency involving more than two dominant genes analogous remarks 
apply. Other things being equal, selection is weaker when the number 
of genes is greater and when their individual frequencies are of the same 
order of magni^jude. 
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2, Effect of Increasing or Decreasing Consanguineous 

Marriages. 

Such considerations lead us to ask whether we might reduce the 
frequency of a character in an indirect manner. Homozygotes arise as 
a result of in-breeding. It is therefore reasonable to expect a reduction 
of homozygotes if the frequency of in-breeding is lessened. Inter¬ 
marriage between parental sibs and children of parental sibs occurs only 
in exceptional cases in human populations. Consequently, the form of 
intermarriage which is most important is the marriage of first cousins. 
Intermarriages involving lower grades of consanguinity are sure to be 
of very little importance individually, and it is not practicable to prohibit 
them. Hence the eifect of preventing first-cousin marriages is most 
important, and may be dealt with as follows:— 

Suppose that a gene which determines a recessive monohybrid 
character has the frequency r in a given isolate. In amphimixis character- 
carriers get the frequency r®. In this situation random intermarriage 
of first cousins will take place. We may then represent marriages of first 
cousins by a fraction and marriages of a different type, including lower 
grades of consanguineous unions, by a fraction A, such that ^ + A = 
Among descendants of marriages of first cousins the frequency of recessive 
character-carriers is + (^/* Dahlberg, 1929). So if p stands for 

the proportion of recessives in other marriages, 

Solving for we obtain 

To evaluate the effect of a reduction in the frequency of marriages 
between first cousins we assume that we prevent a part, a, of in-breeding 
of first cousins, counted relative to the whole of the population. Instead 
of the prevented marriages of first cousins we have to add a corresponding 
frequency of marriages with the composition represented by p in the 
above equation. The result is that the population gets the following 
composition:— 

which is equivalent to 

In order to get an idea of what is meant by this expression we compare 
it with the composition resulting from amphimixis. The population of 
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recessives is then r*, so that the decrease is and the ratio of 

this decrease to the frequency of recessives in amphimixis is - i - ^ 1. 

In this expression A is a number close to i, since only a very small 
proportion of marriages occur between first cousins unless the population 
is very small. When the population is large we can therefore put A = i 
in order to get a survey of the situation. It should be called to mind 
that a refers to reduction from frequency of first-cousin unions in amphi- 
From the text-figure we obtain an idea of the effect which is to be 


mixis. 


v; 



expected from an alteration in the frequency of the marriages of first 
cousins on this assumption. First we assume that «=0*005, l^hat 
the proportion of first-cousin marriages prevented is 0*5 per cent, of all 
marriages. Except when the gene is extremely rare the effect is slight. 
If the character has a frequency of 4: 10000, only close on 2 per cent, 
of the character-carriers will drop out. Only at extremely low frequencies 
of character-carriers do we get a more noticeable effect. If the gene 
has the frequency 0*4 per cent., which means that character-carriers at 
amphimixis have a frequency of 16 : 1000000, 8 per cent, of the character- 
carriers will disappear. It should finally be pointed out that in case 
an isolate is so large as to comprise 1000 persons, the lowest conceivable 
frequency of the gene is o*i per cent. There needs must be at least 
two heterozygotes in the population. Such a frequency of the gene corre¬ 
sponds to a frequency of character-carriers of i : 1000000. In this situation 
we obtain a reduction of the frequency of the character-carriers amounting 
to 30 per cent., if we prevent 0*5 per cent, of in-breeding, which impUcs 
that practically f very marriage of first cousins is prevented. 
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We must bear in mind, however, that this limiting case presupposes 
not only a very low mutation rate, but also a very small order of sampling 
error. Where there are only two heterosygotes in isolates, the two 
heterozygotes in half of them will belong to the same sex. The sex 
difference gives in this way less weight to the very low frequencies when 
the frequencies are varying from isolate to isolate. It is obvious that 
limiting cases with these frequencies must be very rare. It is more 
reasonable to suppose a somewhat higher frequency of heterozygotes, say 
at least four heterozygotes in the isolates, as more representative of the 
limiting case. The largest effect attainable by prohibiting marriages 
of first cousins is 15 per cent, in that case. Needless to say, this effect is 
directly attained. No further reduction is subsequently obtainable, and 
if marriages of first cousins are again permitted with usual frequency 
we again obtain the original number of character-carriers. An increase 
or decrease of intermarriage of first cousins carries with it a decrease or 
increase in the proportion of heterozygotes and a corresponding increase 
or decrease in the proportion of homozygotes, but does not alter the 
proportion of genes. 

We shall next assume that first-cousin marriages amounting to 2 per 
cent, of the total population are prevented. It is only when we come 
to medium-sized or small isolates that it is possible to prevent such a 
number of first-cousin marriages. In large populations so many marriages 
between first cousins can hardly be prevented, because they do not 
generally occur so often. If mating is random this figure is attained in 
isolates comprising at most one or two hundred persons of full age. 
Formulae for the relation between the magnitude of isolates and the 
frequency of first-cousin unions have been given by Dahlberg (1929). 
We have employed these formulae to obtain figures for the instances 
given here and in the following discussion, In such isolates we cannot 
obtain extremely low frequencies of character-carriers. When the isolate 
comprises 200 persons, the lowest conceivable frequency of the gene is 
0*5 per cent. With this limiting value we reach the maximal effect if 
all the marriages of first cousins are removed. Then the frequency of 
character-carriers decreases by 25 per cent. If we count with four hetero- 
zygotes in the isolates, the decrease in the frequency of the character is 
I2’5 per cent. 

If we finally assume that we prevent 5 per cent, of marriages of first 
cousins, we get down to isolates comprising about 80 individuals.. The 
lowest frequency of character-carriers which is then conceivable is 1*25 
per cent. Even in this case the maximal effect will be limited to a dis¬ 
appearance of a little below 25 per cent, of the character-carriers. If, 



220 Gunnar Dahlherg^ On Rare Defects in Human Populations 

again, we reckon with four hetero^ygotes in the isolate, the reduction of the 
character-carriers is only about 12 per cent. We must, however, reckon 
with the fact that in practice we can hardly expect to prevent all the 
marriages of first cousins, and that the upper limiting values with which 
we have counted are only realized under very exceptional circumstances. 
This being so, measures against marriages of first cousins should hardly 
be expected to be very effective, and should at best only bring about 
a decrease in the frequency of rare character-carriers amounting to some¬ 
thing like 10 or 15 per cent. 

In view of the effect to be expected from an increase in the marriages 
of first cousins, it should be pointed out that the formula and the figures 
given above still hold good. But the situation is different in certain 
respects. Since the frequency of cousin marriages is, however, low in 
human populations, there is more room for an increase than for a decrease 
in their frequency. Through an increase of marriages between first 
cousins rare character-carriers may be more than doubled. This aspect 
of the matter is only of theoretical interest. Hence we shall not enter 
further into the problem. It is sufficient to say that the foregoing 
expression still holds with appropriate change of sign. 

The effect of increasing or decreasing the frequency of cousin marriage 
on the frequency of characters determined by more than one pair of 
recessive genes is essentially weaker. For dihybrid rediessives, when both 
genes are about equally common, the increase we obtain through marriages 
of first cousins at a given frequency of character-carriers is essentially 
loweV than the increase obtained at the same frequency of monohybrid 
recessive character-carriers. For the general case we may argue as 
follows: When the frequencies are . . . ^n, the frequency 

of the character-carriers is rj* • • ^3* * . . 

Since r is always a number smaller than i, every r added to such 
a series means that the frequencies of the earlier tertns have to be increased 
in order to obtain the same product sum as before. An introduction 
of a fresh term accordingly implies an increase of the earlier frequencies 
of genes. The portions of the gene frequencies which become manifest 
under such circumstances are smaller the more numerous are the r’s 
which enter into the series at a certain given frequency of character- 
carriers. This being so, it should turn out more difficult in one way 
or the other to affect the frequency of character so long as the only 
possibility open to us is to influence the manifest character-carriers. If 
we want to exterminate them by way of sterilization, the effect conse¬ 
quently is smaller when the character depends on several than when it 
depends on a sipgle recessive pair. If wc wish to affect their frequency 
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by preventing marriages of first cousins, the same argument applies. 
What applies to multiple recessives applies also to multiple dominants. 

In our above analysis we have started from the conception of sharply 
circumscribed isolates. We have earlier pointed out that this is a 
schematization of the situation. Actually we seldom meet with distinctly 
delimited isolates. The probability of a marriage, for instance, decreases 
with increasing distance. If the distance is large, the probability of a 
marriage is slight, but in this case the probability of a marriage of first 
cousins is also slight. If we imagine a person living in an isolate in 
a valley, we may postulate a given probability that he will marry outside 
the valley, or, to express it differently, outside the boundaries of the 
isolate. This probability is very slight. If he does marry outside the 
isolate, the probability of the person chosen by him being a heterozygote 
is also slight. Even for a small isolate this corresponds to a low realisable 
frequency of genes. At the same time the chance of a cousin marriage 
is slight for such marriages. So if we argue more in agreement with 
the actual state of things than we have done so far, this should not alter 
our conclusions. 

Published data on the incidence of first-cousin marriages among 
parents of rare defectives furnish a check on the “lowest heterozygote 
frequency.** For nearly all the clear-cut cases of single recessive autosomal 
gene substitutions recorded figures are in the neighbourhood of 15 per 
cent. Thus for juvenile amaurotics Sjdgren*s data give 15 per cent.; 
for infantile amaurotics (amaurotic family idiocy) Slome*s data give 
IS per cent.; for Usher*s pedigrees of retinitis pigmentosa 17 per cent.; 
for Pearson’s figures in albinism 17 per cent. The figures for alcapto- 
nuria (between a lower limit of 18 per cent, and an upper of 40 per cent.) 
and for Friedrich’s ataxia (9 per cent.) are based on smaller samples and 
are subject to a large sampling error consistent with the same view 
(Hogben, 1931, 1933). We call to mind that the rarer a gene is at mono¬ 
hybrid recessivity the higher is the frequency of first-cousin marriages 
among parents of character-carriers, and also that we have found the 
maximal figure attainable at lowest frequency of heterozygotes to lie at 
about 15 per cent, or somewhat more. This theoretical figure tallies 
well with the empirical figures. I wish to thank Professor Hogben for 
having pointed out to me this possibility of checking empirically the 
theoretical calculation. We may, moreover, infer that whenever incidence 
of first-cousin marriages among the parents of rare defectives reaches 
a figure in the neighbourhood of 15 per cent, the gene frequency corre- 
jfponds to the lowest hetero2)^ote frequency as here understood, and 
that ho appreciable effects can be achieved by selection. 
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3. Effect of Increasing or Decreasing Size of Isolates: 

Another way in which the frequency ofVare characters may decrease 
arises from the circumstance that isolates may grow beyond their original 
boundaries. If it is a case of a rare character we have to reckon with 

4i 

the isolate receiving an additio;i from neighbouring isolates from whose 
population the gene is absent. (In an adjacent isolate a gene correspond¬ 
ing to another defect which may be more or less similar may be present, 
but it is improbable that it should happen often that the same rare 
mutation arises in adjacent isolates.) Through the growth of an isolate 
in this manner the frequency of the gene decreases, as does also the 
probability that it will be present in the homozygous state. Simultaneously 
the frequency of cousin marriages and other consanguineous unions 
decreases also. Assume that the gene has the frequency r and that 
the isolate increases by a parts of its original size. The gene frequency 
will decrease according to the expression 

r 

I +a 

This in its turn means that the frequency of character-carriers becomes 

It appears from this formula that if an isolate increases by 50 per 
cent., the proportion of homozygotes decreases to 44 per cent, of the 
origihal value. If an isolate increases by 100 per cent.—that is to say, if it 
is doubled—the proportion of homozygotes decreases to 25 per cent, 
of the original value, 75 per cent, of the homozygote frequency dis¬ 
appearing. It is thus obvious that growth of isolates beyond their 
boundaries may be expected to have a very important effect on the 
frequency of rare recessive homozygotes. 

If the frequency of character-carriers i$ reduced in this way on account 
of the growth of the isolate beyond its boundaries, the lower frequency 
specified above applies to a larger isolate and to a larger portion of the 
population. To determine the net gain to the population we must take 
this fact into consideration. That is to say, the population in which 
the frequency of recessives is r* : (i is i -f and the number of reces- 
sives has therefore decreased to r* : (i 4-a). 

In other words, the frequency of recessive character-carriers altei^ 
in inverse proportion to the size of the isolate, ff the isolate is doubledi 
the frequency of the recessive characters decreases to one-half of their 
former frequency. 
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An alternative analysis of the problem is given in the following:— 
Suppose that the composition of a population with respect to a single 
autosomal gene substitution is represented by frequencies (i“r)*DD; 
2 r(i^r)RD; r*RR, 

If it consists of a individuals, its numerical constitution is 
a{i ^ r)*DD + 2ar{^ - r)RD + ar^RR, 
i,e, it contains ar^ recessives. 

Let us now assume that the population is increased to n times its 
previous size by adding (n - i)a individuals of constitution DD from 
a neighbouring isolate in which the gene for the recessive condition is 
absent. Its numerical composition is now 

[(« - i)a -f a(i - r)*]DD + 2ar(i - r)RD + ar^RR, 

and the corresponding frequencies of RD and RR in the new population 
of na individuals are 

y(i-r)RD; ^ • RR. 


Recessives are produced from matings RD’RD, RD»RR, RR*RR, 
which occur at random mating with frequencies 




r* 


The frequency of RR arising is 




The frequency of RR in the new isolate is therefore ^ and this (Pearson- 
Hardy law) is in equilibrium for amphimixis. The number of RR^s is 

therefore —: • «a = ar'ln . 

«• ' 

Hence, when the community increases in numbers from a to na by 
extension of its boundaries, being multiplied by n, the number of rare 
recessives decreases in one generation from ar* to ar^jn, being divided 
by n, and remains constant thereafter. 

Analogous reasoning applies to a multiple recessive character con¬ 
ditioned by genes with the frequencies r^, r*, r, . . , r„. If the isolates 
increase with a parts of their original size, the frequencies will decrease to 

ri/(i+a)5 r,/(i +a)j etc. 

and frequency of the characters according to the expression 
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As before, the enlargement of the isolate brings with it an increase 
of heterozygosity at the expense of homozygosity. 

It should be called to mind that to the mechanism here under considera¬ 
tion only rare genes and characters are of interest. If a dominant gene 
has the frequency d, and if the isolates increase by a parts of their former 
size, the character which originally showed the frequency will 

now have a frequency 

If, as before, we take into account the total size of the enlarged isolate, 
the numerical value corresponding to 2d-d^ dominants in the smaller 
isolates is 

2d-d^l(x +a). 

It thus appears that for a low value of d the increase will be slight. 
The situation, in point of fact, is this. When the gene is rare, homozygosity 
is so much less frequent than heterozygosity that a decrease of homo¬ 
zygosity cannot exercise any effect worth mentioning. For rare characters 
conditioned by a simple dominant gene a growth of the isolate beyond 
its former boundaries is of little importance. The same is true of more 
complicated forms of dominance corresponding to complicated forms 
of recessivity. With multiple dominants we get a different situation. 
If the character is rare and one gene is very common, what happens 
approaches what would occur if only one gene were involved. If both 
of two genes are about equally common, what happens resembles what 
would occur when a recessive character is involved. 

Isolates may therefore grow in two ways. In the first place, an isolate 
may grow in the way we have above chosen as the starting-point of our 
last calculation, i.e, it may extend its original boundaries. But an isolate 
may also grow because propagation within the isolate brings with it an 
increase in its number. The question now is: What does an increase 
of the latter type signify? If we assume that heterozygotes present in 
the population are just as fertile as the homozygotes, such an increase 
of an isolate does not result in any change whatever of the frequency 
of characters. We get a decrease in the random frequency of in-breeding, 
but such a decrease in, say, the random marriages of first cousins has no 
effect at all. When analysing human populations we should bear this 
state of things in mind. 

We have already pointed out that a mutation has a greater chance 
of* spreading in a small than in a large isolate, A growth of the isolates 
in itself may thus be considered favourable for the rea^n that new muta* 
tions will then not have so powerful an effect as was the case earlier* 
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In summing up it may thus be pointed out that for reducing rare 
recessive characters contraceptive measures and sterilizations are of very 
little importance, Prevention of in-breeding might be conceived of as 
bringing about a somewhat greater effect. A far more powerful effect, 
however, may be expected when isolates grow beyond their boundaries. 
Growth of the isolates owing to increase of population within the isolates, 
on the other hand, is of no importance. We disregard the possibility 
that isolates showing rare genes of defects grow more than other isolates, 
or reversely, 

4. Actual .Size of Isolates. 

In the light of the foregoing treatment it may be of interest to try 
to arrive at a conception of the manner in which isolates behave in the 
European countries. The frequency of in-breeding provides an indicator 
of the size of the isolates. Official data regarding in-breeding are given 
by France, Bavaria, and Prussia for prolonged periods of time. We 
shall now discuss some figures obtained from the official statistics of 
these countries. 

In the first place, we must remember that an increase in population 
has taken place in these countries. If the different types of isolate 
showed proportional increase, increase* of total population might appear 
to be a gauge of the growth of the isolates in so far as it is conditioned 
by the increase in population. In reality the situation is not as simple 
as that. Alongside of the increase in population a removal to the towns 
has taken place. This implies that increase in population has, above 
all, meant an increase of isolates of the towns. At the same time, however, 
owing to the development of communications, isolation boundaries have 
been broken up in the rural districts. This would make for larger rural 
isolates. To a certain extent the isolates have accordingly grown within 
themselves, the frequency of in-breedings on this account decreasing. 
Simultaneously to a very great degree isolates have also grown beyond 
their boundaries. Figures for Prussia are given in Table I, The table 
shows that marriages of first cousins have decreased from 0*71 down 
to 0*20 percent, in the fifty years between 1875 and 1926. Marriages 
between parental sibs and children of parental sibs have decreased in about 
the same proportion. At the present time the frequency of in-breeding 
is barely one^third of what it was fifty years ago. Simultaneously the 
number of contracted marriages has increased almost to double. By 
itseJf this increase would promote a decrease of in-breeding which is of 
po ithportance to the frequency of rare recessive character-carriers. If 
the increase in population had resulted in a quite indifferent increase in 

IS 
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the isolate, marriages of first cousins would have decreased to about 
0-40 per cent. The actual decrease to 0*20 per cent, would imply that 
the isolates had also grown l^eyond their boundaries, so that on an average 
they had been approximately doubled. Without being able to give an 
exact figure, we are thus justified in stating that the isolates have grown 
beyond their boundaries to the effect that they have increased by essentially 
more than 100 per cent. This applies to the average isolate. The 
increase, no doubt, would be greater for the isolates of the towns than 
for those of the country districts. 

Table I.—Prussia. 



1 

Out of which (%) 

Period of 
'rime. 

Number of 
Contracted 

Marriages between 

Marriages. 

Cousins. 

Uncle-niece or 
Aunt-nephew. 

1875^1880 

1286339 

0*71 

o-o8 

1881-1885 

1104219 

0-68 

0*07 

1886“1890 

1180661 

0-58 

0*06 

1891-1895 

1244390 j 

0-51 

O'os 

1896-1900 

1400381 j 

0-44 

O'04 

I go I 1905 

1450203 i 

0’42 

0*03 

1906-1910 

15524H 

0‘42 

0-03 

1911-1915 

1436963 

0-35 

0*03 

1916-1920 

1678775 

0-32 

0'O3 

1921-1926 

2122300 

0*20 

0-03 


In Table II figures from Bavaria for the corresponding period of 
time are given. We here find a somewhat more marked displacement. 
The frequency of in-breeding seems to have decreased to less than one^ 
quarter, and in the case of Bavaria it is also probably true that isolates 
have grown beyond their boundaries considerably more than 100 per 
cent. Table III gives figures from France. Curiously enough, we find 
here a fairly constant frequency of cousin marriages of about I per cent*, 
together with an approximately constant number of contracted marriages. 
The number of contracted marriages naturally is not an altogether exact 
measurement of the growth in population, which is important to our 
problems. Neither is total number of population a correct measurement 
A more suitable measurement is the numl>er of individuals in the ages 
in which the marriage is contracted. An exact analysis of the probto 
not being possible, we have in the tables been content with figures showing 
the number of contracted marriages as an approximate indicator of the 
growth of the population, / ; v 
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Table II.— ^Bavaria. 




Out of which (%) 

Period of 

Number of 
Contracted 
Marriages. 

Marriages between 

Time* 

i 

Cousins. 

Uncle-niece or 
Aunt-nephew, 


1876-1880 

188973 

0^87 

O'lO 

1881-1885 ; 

182553 

075 

0*12 

1886-1890 

192088 

o*6o 

6-07 

1891-1895 

210584 

0*48 

0*05 

1896'1900 

24 J 571 1 

0-46 

0-04 

1901- 1905 

242606 

0-42 

0*05 

1906-1910 

250672 

0-40 

0*05 

1911-1915 

215291 i 

0-35 

o-o6 

• 1916-1920 

303709 

0*38 

0*05 

1921-1925 

.105956 

0*31 

o*o6 

1936--1933 

474268 

0*20 

0*04 


Table III 

.--France. 




Out of which (%) 

Period of 

Number of i 

Contracted 

Marriages. 

Marriages between 

Time. 

Cousins. 

Uncle-niece or 
Aunt-nephew. , 

1876-1880 

1410889 

1-03 

0*08 

i88i 1885 

1420383 

102 

0*07 

1886 1889 

\ 110050 

098 

0-09 

1891-1895 

1142329 

0-86 

o*o6 

18^)-1900 

1463648 

• 0-90 

005 

1901-1905 

M 95595 

0-87 

0‘05 

1906-1913 

2470586 

r’02 

0*04 

I 9 I 4 -* 9 I 9 

1350683 1 

0-97 

0*03 


In order to be able to analyse the situation more closely we give in 
Ttble IV figures from Bavaria and Prussia with division into town and 
country, and in Table V figures from France with division into the 
department of Seine, and the towns and country in the rest of France. 
First, as regards Prussia, we find for the towns a decrease of in-breeding 
T^ about one-third, a decrease which approximately corresponds to the 
in the number of contracted marriages. This latter increase is 
ftweittially (mnditioned by immigration, so it is the true expression of the 
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isolates having grown beyond their boundaries* As regards the rural 
districts, we find a decrease of cousin marriages to not quite one-half, 

Table IV. 


1 

1 

Number 

. Out of which (%) Marriages between 

Period of 
Time, 

of Contracted 
Marriages. 

Cousins. 

Uncle*niece or 
Aunt-nephew. 


1 

Towns. 

Country 

Districts. 

'towns. 

Country 

Districts. 

Towns. 

Country 

Districts. 


France.* 


1898-1905 1 

999080 

1 i37»527 

1 0-6! 

1 I‘07 

1 0*05 

1 0-05 

1906-1910 1 

699704 

1 851882 

1 0*6i 

Bavaria, 

1 1*39 

1 0'04 

1 0-05 

1892-1895 

48145 

121039 

0-17 

0’6o I 

0-02 1 

0’07 

1896-1900 

79414 

162157 

0-17 

o*6i 

0-02 

o*o6 

1901-1907 

9S507 

245091 

0 ‘I 5 

0'52 

0'03 

o*o6 


Prussia.** 


1875-1880 

492624 

793715 

i880-i8tK) 

509111 

671550 

1891-1895 

552794 

691596 

1896-1900 

653581 1 

746800 

1901-1905 

700131 

750072 


0-58 

0-92 


0*50 

074 


0*46 

0*64 


040 

0'54 


0-39 

0-52 



* The figures for dep. Seine (Paris and its environment) are included in towns, 
** The table accounts for all consanguineous marriages. 


Table V.—France. 



Number of Contracted 

Out of which ('^/o) Marriages between 

Period of 
Time. 


Marriages 

i. 


Cousins. 

Uncle-niecc or 
Aunt-nephew. 


Seine. 

Town$. 

Country 

Districts. 

Seine. 

Towns. 

Country 

Districts. 

Seine. 

Towns. 

Country 

Districts. 

1898-1905 

19^1910 

: 27*054 

203444 

728029 

496260 

1378527 

851884 

0*96 

0*64 

0*48 

o* 6 o 

ro 7 

*•39 

0-09 

O'05 

0*04 

0*03 

0-05 

0*0$ 


the number of marriages having somewhat decreased at the same time. 
This points to the isolates in the country district^ having almost doithlod 
beyond their former boundaries. lit view bf the fact that fhb 
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in population above all refers to the towns and with regard to the figures 
in Table IV, there is reason to suppose that the increase in population 
to a very small extent is referable to a growth within the isolates, but 
has practically completely meant a removal of the population from the 
country into the towns. At the same time the isolate boundaries have 
been broken up in the country, the isolates here being practically doubled. 
We have a strong support for our statement that the isolates have increased 
by more than 100 per cent, in the case of Prussia. Perhaps 200 per cent, 
would be nearer the mark. 

If we now look at the figures from Bavaria, we find a still more marked 
difference in the frequency of in-breeding between town and country 
than in Prussia. We also get a decrease in the frequency of in-breeding 
for the period of time embraced by the figures, which is comparatively 
short (1892” 1907). 

If finally we turn to the figures from France wc get a marked decrease 
for the department of Seine, which includes Paris, and rather an increase 
in the other towns and in the country. It is of further interest to note 
that the population of Seine has mcrea.sed considerably, whereas towns 
and country for the period of time under consideration show a fairly 
constant annual number of contracted marriages. A more exact con¬ 
ception of the situation is difficult to obtain as figures for a prolonged 
period of time are lacking. It should, however, be remembered that 
according to official statistics that part of the population in France 
which lives in the country has showed both an absolute and percentage 
decrease during the last fifty years. In 1871 the rural population made 
up 69 per cent, of the total population, and in 1926 51 per cent., in spite 
of the incorporation of Alsace-Lorraine. We must further reckon with 
the fact that the absolute number of individuals in the rural districts has 
decreased, during the years 1871-iqi l, from 24-9 millions to 22-1 millions— 
that is to say, it has decreased by more than 10 per cent. We have thus 
reason to suspect that the mechanism in France is this: the isolates have 
decreased in the country districts through removals to the towns—above 
all, to the big towns. The population in France has kept comparatively 
constant, and it is here chiefly a case of an interior removal which should 
result in a decrease of in-breeding in towns and possibly an increase of 
in-breeding in the country, so that with regard to the country at large 
the frequency of in-breeding has kept fairly constant. 

We should also take into account the extent of immigration into 
Fra^noe. It might also be well to remember that in France the parental 
ihiluence on the contracting of marriage is considered to be much greater 
than in ot^er countries. In view of this fact, and as we lack figures on 
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which a more exact analysis of the situation could be based, it will hardly 
be possible to arrive at more definite conclusions as to the situation in 
this country. 

What we can say is that a redistribution of population, such as to 
decrease isolates in the country districts and to increase them in the 
towns, in the long run ought to result in reducing the frequency of rare 
recessive defects. Emigration resulting in a lessening of the small 
isolates in the country districts will not generally be selective with regard 
to heterozygotes, and consequently ought not to alter the proportion 
of genes of the small isolates. A decrease in the frequency of in-breeding 
as well as an increase of this frequency does not necessarily in all circum¬ 
stances affect the frequency of character-carriers in an isolate. If, as 
a consequence of emigration, the frequency of in-breeding increases in 
the rural districts, this does not result in an increase of the homozygotes. 
As the rural isolate now becomes smaller, the process means a gain from 
the point of view of the population in spite of the fact that the frequency 
of character-carriers in the rural isolate itself keeps constant. At the 
same time emigration brings about an increase of the town isolate, and 
this in its turn results in a lowered frequency of genes and a decrease 
of homozygotes, which to the population means a further gain. 

In summing up it should also be pointed out that, when recessive 
defects are rare, noteworthy effects can hardly be attained through^ 
sterilization or contraceptive measures. By lowering the frequency of 
marriages of first cousins a somewhat larger, although even at best only 
moderate, decrease of homozygotes may be obtained. In European 
countries the development of communications and industrialization has 
resulted in a growth of isolates, such as is sure to be of very great signi¬ 
ficance. Processes of this type may be expected to be vastly important. 
For France we have not been able to arrive at figures which make possible 
a definite estimate of the situation. For Prussia and Bavaria we have 
been able to show that isolates have been more than doubled on an 
average, which means that rare recessive characters have decreased by 
at least one-half. Under such circumstances we have reason to believe 
that the exhibition of certain hereditary defects is at the present time 
decreasing in frequency, With regard to such characters, attempts .to 
keep the population in the rural districts must be looked upon as less 
suitable from a eugenic point of view. If, when speaking of the dcgener 4 ^ 
tion of civilized peoples, we refer particularly to rare recessive defectii, 
there is no reason to suppose that such a degeneration is just now taking 
place. We might more properly speak of Si regenerathn. 

Finally, it should be emphasized that we muist not apply^^t^^ 
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presented above too rigidly. We want a more detailed knowledge of 
population processes going on at the present time. We also want a 
more detailed insight into hereditary characters which are of interest in 
this connection. In order to give a more concrete touch to this reserva¬ 
tion we should recall that in a number of countries, above all in Sweden, 
it has been possible to show that stature has increased considerably in 
modern times. In Sweden stature has increased about i dm. in 100 years. 
Hultkrantz (1927) points out considerations which militate against the 
belief that this increase is exclusively conditioned by a higher standard 
of living. The increase may also be conditioned by breaking up isolate 
boundaries which in the course of several generations may result in dis¬ 
placements towards increased heterozygosity for accumulative multiple 
genes. It is also conceivable that extremely high intelligence is con¬ 
ditioned by a number of genes, and that we have here a similar mechanism. 
If growth of isolates has brought about an increase in average stature 
and in the number of persons who are extremely tall, it might also bring 
about an increase in genetically determined average intelligence and in 
the number of extremely intelligent individuals. These questions, of 
course, are of vital importance. Whatever happens, there is no possibility 
to reverse the process. To return to the defectives, it is naturally also 
possible that certain hereditarily conditioned defects may behave in the 
same manner and that we have obtained an increase of certain deficient 
types through breaking up of isolates. 

The rural exodus is a highly debated question nowadays. In the 
above discussion we have tried to analyse certain aspects of this* problem 
and have made an attempt to arrive at more definite conclusions on 
certain points, but we have by no means been able to treat the problem 
in full. 


5, Summary. 

It is well recognized that complete selection has a very slight effect 
on the frequency of rare defects determined by one or more recessive 
or by several dominant genes. The present communication discusses 
other ways in which the exhibition of rare defects of this type may be 
reduced numerically. Consanguineous marriages may increase or 
decrease in two ways. Thus the number of chance unions of this kind 
in a system of random mating depends on the size of the population 
isoltde* Increasing them by diminishing, or decreasing them by extend¬ 
ing, the size of isolate has no effect. The effect of preventing con¬ 
sanguineous unions which would othi^ise occur by chance depends on 
the rarity of the^ and this is limited by the size of the isolate. Analysis 
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shows that preventing all consanguineous unions has relatiyely littic 
effect on the incidence of rare defects owing to the existence of this limit. 
Contrariwise, the effect of enlarging the size of an isolate, as by extending 
communications or removing social taboos, is to produce a proportionately 
large reduction in the incidence of rare defects. The significance of this 
fact as bearing on social policy and recent population movements is 
discussed. 
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ADDENDUM. 

Received September 7, 1938. 

Figures from Italy obtained after the above was sent in for publication 
show a decrease in the frequency of first-cousin marriages from 0*77 per 
cent., I868--70, to 0*44 per cent., I93i“"35. We have the same trend in 
regard to in-breeding in Italy as in Prussia and Bavaria, and the same 
conclusions may consequently be drawn for Italy as for Germany. 


{Issued separately Septewher 30, 1938.) 
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XVI.— Two Cases of Malformation of the Gill-covers in Salmon. 
By Dr V. Tchernavin, Department of Zoology, University of 
Edinburgh. Communicated by Professor JAMES RiTCHIE, M.A., 
D.Sc. (With One Plate and Two Text-figures.) 

(MS. received May !6, 1938. Revised MS. received September 6, 1938. 

Read June 6, 1938*) 

Only a small number of salmon smolts {Salmo salar) that leave the river 
for the sea rcfturn for spawning (Calderwood, 1930, p. 180; 1931, pp. 36, 
56; Menzles, 1931, p. 60; and others). The large loss of adolescent fish 
seriously affects the stock of salmon in the rivers, so that the question of 
possible causes of the death of salmon in the sea is one of some practical 
interest. 

Direct observation of salmon in the sea is very difficult, and very little 
is known about a salmon during this important period of its life. Thus 
there is a wide field for conjecture about the conditions of life for salmon 
during that period, and about the causes of the large mortality. It would 
be simple to suppose that during the sojourn in the sea the salmon compete 
in a fierce struggle for existence, and that the survivors represent the 
fittest individuals. 

Such reasoning would seem logical but for the fact that among salmon 
(also sea-trout and the Pacific migratory salmon) entering the rivers there 
is always a considerable number of malformed specimens which could by 
no means be considered the fittest. Their abnormalities are sometimes 
so great as to make it difficult to understand how they could survive, 
because such specimens would appear to be the first to succumb in any 
struggle for existence. The pug-headed specimens which have been 
recorded among different Salmonidae (Stoddart, 1836; Cuvier and 
Valenciennes, 1848; Coolidge, 1870; Cariet, 1873; Young, 1901; Hofer, 
1904; Grote, 1909; Malloch, 1910; Soldatov, 191a; Gemmill, 1912; 
and others) obviously could not be good fighters and must have great 
difficulty in taking food, for Cuvier and Valenciennes showed long ago 
(1848, pp. 334"-335) that in these monsters the upper jaw is bent in such 
a way that the teeth of the premaxillary meet those of the palatine. How¬ 
ever, malformed salmon enter fresh water in good condition as regards 
h^ariehment, and spawn. This fact suggests that during their sojourn in 

x6 
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the sea there was a superabundance of food, available even for pug-headed 
individuals which could only use the lower jaw in obtaining nourishment. ’ 

More frequent still are deformations of the body where the vertebral 
column is curved or the vertebrae fused, or where large portions of the 
muscles of the body are defective and contracted, as has been described 
by Barrington, 1747, 1768; Hofer, 1904; Ritchie, 1908; Grote, 1909: 
Malloch, 1910; Gemmill, 1912. Salmon with more or less deformed 
muscles are found in hundreds in every river entered by salmon in large 
numbers. These specimens cannot be perfect swimmers, and we may 
conclude that they could survive only because during their sojourn in the 
sea they found enough room to be free from the pursuit of enemies, and 
could obtain food without difficulty or competition. 

Quite frequent also in salmon are cases of deformities and malfor¬ 
mations that seem to be of minor significance and do not attract much 
attention. Nevertheless, investigation shows that such cases may involve 
grave deterioration of the general condition of the fish. Such are, for 
instance, the frequent malformations of the gill-covers in salmon and trout. 
Two examples of deformity of the gill-covers are described below. 

A study of malformed specimens of salmon, obviously inferior physi¬ 
cally, which nevertheless ascend the rivers with the normal and healthy 
fish, suggests that during the sojourn of the salmon in the sea there is no 
real struggle for existence, or competition where the strongest and fittest 
survive. It seems more probable that the heavy loss of life is due to 
periodical catastrophes, or to the invasion of enemies, greatly surpassing 
the salmon in size and speed, which destroy large numbers of salmon 
without special regard to their fitness. 

We may suppose that these disastrous periods of salmon life are of 
short duration, and are succeeded by long periods when the individuals 
have time for their wounds to heal and the salmon enjoy comparative 
freedom from attack and abundant food. 

Description of Malformation of the Gill-covers in Salmon. 

In Salmonidae the branchial cavities are very large, and the gill-covers 
forming their outer walls are of great importance. They play an essential 
rdle in the respiratory and feeding processes, and protect the tender gills 
from outside injuries and the intrusion of parasites. In accordance with 
the significance of the gill-covers their structure is of great perfection. 
They have a well-developed skeletal basis and an elaborate system of 
muscles and ligaments which make possible the rhythmic movements of 
the opercula and a perfect closing of the branchial apertures. The skeleton 
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of the gill-covers consists on either side of fourteen or fifteen well-developed 
bones; three of them have the form of large plates covering the cavity 
^laterally, and a series of eleven or twelve narrow and sabre-shaped bones 
securely protect the cavity on the ventral side. In spite of the importance 
of the gill-covers, many salmon and trout return to the rivers having their 
gill-covers gravely deformed and functioning only partially. 

Last autumn I studied fifteen specimens of salmon in breeding con¬ 
dition from the Rivers Don and Dee in Aberdeenshire, Scotland. Among 



them there were three with markedly deformed gill-covers on one side, 
one of which is shown in text-fig. i. Recently I received for investigation 
yet another specimen from the same district in which both gill-covers 
were deformed (text-fig. 2). 

Case I. —Salmo salar, no. 4S, female, breeding; River Don, Aber¬ 
deenshire, 4.11.37. Length 602 mm. (text-fig. l and PI., fig. i). 

The left gill-cover is deformed and only partially covers the branchial 
cavity (text-fig. t). The greater part of the gills on this side is exposed 
laterally and ventrally. Examination showed that the malformation was 
due to some damage received a long time previously, very likely before 
the fish went out to sea. The damage was completely healed. 

Dissection revealed that the greater part of the opercular bone was 
bent inwards and was growing inside the branchial cavity. Only part of 
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it could protect the gills. The subopcrcular was reduced to the size of a 
large scale. Only four branchiostegal rays were present, of which the 
two first were greatly reduced in size and the two hinder ones were notice¬ 
ably deformed. The ventral part of the epihyal was cut off, and the 
cartilage surrounding the posterior end and the ventral edge of the epihyal 
absent. The effects correlated wkh this deformity were as follows. The 
preopercular grew much stronger and broader, especially its horizontal 
lobe; also much enlarged and stronger was the interopercular; the hyoid 
bar was somewhat lengthened, and the whole left side of the skull seemed 
to be less developed than the right. That was especially clear in the case 
of the parasphenoid and supraethmoid, both having the left sides notice¬ 
ably less developed than the right ones. The gill-arches of the left side 
were shorter than those of the right; the number of gill-rakers less 
numerous. Finally, and this is perhaps the most vital consequence, the 
gill-filaments of the left side were greatly reduced in size (PI., fig. i). 

The results of this investigation are shown quantitatively in the follow¬ 
ing tables, all measurements being recorded in millimetres:— 


Table I.—Bones of the Gill-covers and the Hvoid Bar. 


Name of Bones. 

Right (normal). 

Left (malformed). 


mm. 

mm. 

Opercular—lengrth 

39-0 

33*0 

breadth 

40-0 

20-0 

Subopcrcular—length 

37-0 

M'O 

breadth 

17*0 

12*0 

Interopercular—length 

30*0 

400 

breadth 

20*0 

17*0 

Preopercular—length 

45*5 

45*5 

breadth 

17-0 

20-0 

Hranchiostegals—ist 

20-0 

6*5 

2nd 

22*0 

6-0 

3rd“9th 

normal 

absent 

loth 

34*0 

30*0 

nth 

38*0 

33‘0 

Hyoid bar—length 

19*5 

21*0 

breadth 

20*0 

17*0 


Table II.—Measurements of the Gill-arches (whole length). 




Right (normal). 

Left (malformed). 



mm. 

mm. 

1st 

arch 

8o*o 

75*0 

2nd 


74*5 

7 i*S 

3rd 


65*0 

6i'0 

4th 

M 

59*0 

56-0 

5th 


28*0 

a6*o 
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Table III.—Number of Gill-rakers. 

Right (normal). Left (malformed). 
Total for the outer rows . 81 76 


Total for the inner rows 
Total . 


43 

134 


38 

114 


Table IV.—Length of Longer Gill-filaments or the Outer Row 

IN THE CERATOBRANCHIALS. 

Right (normal). Left (malformed). 


mm. mm. 

1st arch 25*0 13*0 

2nd »» 22‘5 17-5 

3rd ,, 22-0 17*5 

4th ,, 2PO i8*o 


Case. 2 .—Salmo salar^ no. 18 S, male; River Don, Aberdeenshire, 
18.1.38. Length 800 mm.; according to information from the Bacteri¬ 
ology Department of Edinburgh University, from which this head was 
received for investigation, the fish had partially spawned. Breeding 
characters moderately developed; scales silvery, no red spots; muscles 
intensely pink; the hook in the lower jaw very small; breeding teeth 
moderate; gill-covers on both sides deformed; the deformation on the 
right side was much more marked than that on the left (text-fig. 2 and 
PI., fig. 2). 

Deformation on the Right Side. 

At first sight it seemed that the gill-cover (with all branchlostegals) was 
almost entirely absent, the gills being entirely exposed laterally and 
ventrally (text-fig. 2). But closer investigation showed that the operculum 
and the branchiostegals were sharply bent inwards, embraced the hyoid 
arch and formed inside the branchial cavity a large pocket open towards 
the mouth aperture. The inner wall of this pocket was formed by the gill- 
cover, whose normal function is to enable the gills to be bathed with water 
entering through the mouth, but which in this specimen closed the branchial 
cavity from inside and separated it from the mouth cavity. The other 
function of the normal gill-cover is to protect the gills from outside. In 
this specimen the gill-cover does not protect them at all, but strongly 
presses on the first gill-arch, with the result that the gill-filaments are 
turned with their hinder ends outwards and stick out of the branchial 
cavity. Examination of the bones of the operculum showed that the 
opercular was bent back in such a way that only a small upper part of 
it, 8 mm. long, where the opercular articulates with the hyomandibular, 
grew in the normal direction (backwards from the hyomandibular and 
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outside the branchial cavity). All the rest, having a length of 40 mm., 
had grown in a direction opposite to the normal, i.e, forward and inside 
the branchial cavity. Such also was the case with the subopercular, which 
at the same time was set much lower than normal, and with the inter- 
opercular, both these bones being bent back and growing in the direction 
opposite to the normal. All thS branchiostegals were abruptly bent at 



Fig. 2 ,—Head of Saimo sa/ar with deformed gUl-covcr. Male, no. 18 S; ripe. 

Right side. Diagrammatic. 

(3= interoperculum; <?=soperculum; /sspreopcrculum; 4 «hyoid bar; 
r a suboperculum. 

their bases round the hyal bar and directed inside the branchial cavity. 
The branchial arches, pressed laterally by the deformed gill-cover, occupied 
only half the room in the branchial cavity that they would occupy normally. 
All the arches were thin and weak. The first ceratohyal, which normally 
is straight, in this specimen was markedly curved. The gill-rakers were 
malformed, had various shapes and were variously directed, those of the 
first arch being immovable and closely pressed to the arch. The gill- 
filaments were abnormally short, curved and directed without any order. 
The gills were largely infected with " pll maggots " {JLemetopoda salmontd). 
The second "copula" (posterior basibranchial) had moved towards the 
right side. 
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Deformation on the Left Side. 

The left gill-cover was deformed, but in less degree than that of the 
right side. The greater part of the opercular was sharply doubled back¬ 
wards. The subopercular was reduced in size and of irregular shape. 
Consequently only half of the branchial cavity was covered by the oper¬ 
culum, the hinder part of the gills being unprotected laterally. The 
intcropercular and the branchiostegals were normal, and protected the 
branchial cavity from beneath. The upper gill-rakers on the epi- and 
glosso-hyals of the outer row in the first arch were pressed closely to the 
arch and were immovable. 

Effects of the Deformities of the Respiratory Apparatus upon 
the Chondrocranium (PL, fig. 2). 

There was no trace of any outside injury on the head of this specimen 
except the deformation of the gill-covers. The chondrocranium itself had 
also no marks of injuries or fractures. The chondrocranium, however, 
was markedly abnormal. Its length surpassed the maximum breadth 
less than twice, i.e. was noticeably shorter than that of a normal fish of 
the same size, sex, and stage of sexual development. The right side of 
the chondrocranium was less developed than the left one. The right side 
of the cranial case, the right orbital groove, and the right half of the 
ethmoid portion were noticeably shorter than the left ones, and con¬ 
sequently the whole chondrocranium was curved towards the right. 

These malformations in the chondrocranium may be regarded as the 
effect of the abortive development of the right half of the respiratory 
apparatus due to the strong deformity of the right gill-cover. 

The two cases of deformation of the gill-covers described above show: 

1. That malformations which could be considered as superficial and 
of minor significance can deeply affect the organisation of the fish. 

2, That even such gravely weakened specimens, with conditions 
obviously inferior to the normal, yet succeed in escaping from enemies 
and finding sufficient quantities of food during their sojourn in the sea. 

The malformations described in Salmo salar, no. 18 S, are shown 
quantitatively in the following table:— 


[Table 
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Table V.— The Effects of the Strong Deformity or the Right Gill-cover 
UPON THE Gill-arches, Gill-filaments, and the Chondrocranium. 


1. GilUarches: 

Right. 


Left. 








Length. Breadth. 

Length. 

Breadth. 


mm. 

inm. 

mm. 

mm. 

XSt 

101*5 

4*0 

106*0 

8*5 

2nd 

91*5 

4*5 

94*0 

7*5 

5rd 

86*5 

6*0 

88*0 

8*0 

4th 

62*0 

6*0 

62*5 

8*0 

5 th 

32-0 

4*0 

320 

4*5 

2. Length of the 

Gill-filaments on 

the Ceratobranckials: 




Right. 

Left. 




mm. 

mm. 



1st 

12*5 

30*0 



2nd 

22‘0 

31*0 



3'‘<1 

20*5 

32*5 



4th 

20*5 

31*5 


3. Chondrocranium: 







Right. 

Left. 




mm, 

mm. 

Whole length 

. 

HS *5 

119*5 

Length of cranial case 

. 

39*0 

41*0 

Length of orbital groove . 

29*5 

32*0 

Length of ethmoidal portion . 

48*5 

50*0 


Summary, 

Deformities of the gill-covers in salmon may affect the whole gill 
apparatus, and even the chondrocranium and the bones related to it. 
Specimens are described with malformed gill-covers, where the gill-arches 
were shorter than normal, the gill-filaments greatly reduced in size, the 
gill-rakers reduced in number and degree of development. In a specimen 
where the right gill-cover was greatly deformed, the whole right side of 
the chondrocranium was distinctly reduced in size, as also were the para- 
sphenoid and supraethmoid bones. 

Nevertheless such specimens, essentially weakened by their deformities, 
reach the rivers in a good state of nutrition. This fact would suggest that 
the well-known phenomenon of heavy loss of life of salmon in the sea is 
probably due to periodical catastrophes of short duration, succeeded by 
long periods when the individuals have time to heal their wounds and 
enjoy abundant food. 

The work of this paper was done in the Department of Zoology of 
Edinburgh University, and I should like to thank warmly Professor James 
Ritchie for his kindness in granting me all facilities, for his helpful advice, 
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and for reading my paper in manuscript, I am also greatly indebted to 
Mr W, J. M. Menzics of the Fishery Board for Scotland, who kindly 
provided me with the necessary material. I must also thank Mr R, J. Fant 
for preparing the two photographs. 
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DESCRIPTION OF PLATE. 

Fig. I. —Elements of the respiratory apparatus of Salmo salar. No. 4S. Left 
side deformed. 

^ I St gill-arch ; h « hyoid bar ; i « int eropercular ; 0 « opercular; 
/-preopercular; /^-parasphenoid; r « radii branchiostegi; sub- 

opercular. 

Fig. 2.—Chondrocranium and parasphenoid {pa) of Salma salar, no. 18 S. 

Ventral view. The right side is less developed than the left one— 
the effect of the strong deformity of the right gill-cover. 
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XVII.— The Dynamics of Sheet Intrusion. By E, M. Anderson, 

M.A., D.Sc., F.G.S. (With Three Text-figures.) 

(MS. received April 25, 1938. Revised MS. received September 29, 1938. 

Read June 6, 1938.) 

This communication is largely founded on a paper entitled ‘‘Stresses in 
a Plate due to the presence of Cracks and Sharp Corners," delivered by 
Professor C. E. Inglis, to the Institution of Naval Architects (1913). 
The importance of this contribution to the theory of fracture is recognized, 
and the results seem, among other things, to have a bearing on some 
geological problems. They may help, for instance, to explain the incep¬ 
tion^ and development of sheet intrusions, under which class one may 
include ordinary vertical dykes (but not ring-dykes), horizontal sills, and 
other hypabyssal bodies whose thickness bears only a very small proportion 
to their length. 

Sheet Intrusion, 

Professor Inglis deals with the cases of an infinite solid in the condition 
of ‘‘plane strain," and of an uniform lamina under ‘‘plane stress," but it 
is the former case only which here concerns us. He supposes that there 
are cylindrical cavities in the materials, with generators which are normal 
to the plane. The cross-section of any cavity is an ellipse, but in the 
limit the ellipse may contract into a line of definite length, and the cavity 
into a plane crack. The results are obtained by the use of elliptic co¬ 
ordinates. These are connected with the cartesian co-ordinates x and y 
by the relations 

x^c cosh a cos / 3 , 
y^c sinh a sin 

The X direction is that of the major, and the y direction of the minor axis 
of any ellipse, while c is the distance of either focus from the centre, which 
is the origin. The boundary of any cavity is given by making a equal 
to some quantity a^. For the limiting case of the crack, ao=o, and 2c 
is then the length of the line, or the extension of the crack in the plane of 
the co-ordinates. Formula are given for the displacements and stresses 
surrounding any such crack or cavity, when the material is subjected to 
any system of stress which is uniform at infinity. These satisfy the 
equations of equilibrium, and in each case also the appropriate boundary 
conditions. 

One may consider first the case of a tension, which becomes equal to 
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R» and is the same in all directions, at an infinite distance from the 
cavity* The displacements may be denoted by and in the two 
orthogonal directions corresponding at any point to an increase of a and 
of jS. In the same way the stresses at any point may be defined by the 
three quantities P**, Pae and P^^, For the case of the crack, Inglis’s 
results lead to the expressions 




^sinh 2a(cosh 2a - 1) 

p 

sin 2 ) 3 (cosh 2a -1) 


Pfifi w R 


sinh 2a(cosh aa - 2 cos 2p + i) 
— B« 

Ua 

h “ 4/i^ 


“[(i ~ 2a) cosh 2a - 2(1 - a) cos ajS + i]« Ri/j, say 


(0 


2 

where B— (cosh 2a ~ cos 2^), and A®—while a is Poisson’s ratio, 

and /ut the modulus of rigidity. It will be seen that the tractions all vanish 
where a=o, that is along the margins of the crack. An exception to this 
occurs where B =0, that is at the extremities. This point will be returned 
to later. 

As is zero, the displacements at all points are tangential to the 
hyperbolae which have the extremities of the crack as foci. As one is 
dealing with a two«dimensional problem, the principal directions of stress 
can be indicated by the construction of isostatic surfaces. The angles 6 
formed by these with the directions of the hyperbolae are given in general by 


tan 26^ 


2Ptt; 


P*a “* P ee 

The principal tensions or pressures {pp) are determined in every case by 
the formula 


(^PP) . T i V(P„ - P;,;,)* +4P./, 

2 

the negative sign being taken for the principal stress at any point across 

JQ 

that isostatic surface along which ^ is of the same sign as P.,. We 
have also 

tan (x, w) - tan )S/tanh a.(a) 

where {x, v) is the angle made by the hyperbolae with the axis of x. From 
(t) and (2) it is easily shown that 
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Hence if <f> be the angle made by an isostatic surface with the direction of 
the crack 

^ = ^ + v) ± 

4 

The surfaces may be traced by using this formula, and are the same as 
those of the related dynamical system which is illustrated in fig, i. 



Fig. I. —Isostatic surfaces. Intrusion into solid not previously under stress. Figures 
show transverse pressures, as fractions of pressure of magma. 


Another case investigated assumes the tension at infinity to be uniform 
in the direction perpendicular to the crack, there being neither tension 
nor pressure in the parallel direction. Denoting the tension as before 
by R, Inglis*s data now lead to 


Pa« «* “gj (cosh 2a - i)[2 sinh 2a - B(i +cos 2/8)] 

Pa/8 «- g^[2(cosh 2a - i) + B sinh 2a] sin 2/3 
R 

2a(i - cos 3j3) +B[2 sinh 2a-(cosh 2o + i)(i - cos 2/S)]} 
*^[3(1 - 20) cosh 20 - 4(1 - a) cos 2/8 + 2 

Sfi 


^“^(1 -20+cosh 2o) sin sjS 


- sinh 20(1 - 30 +cos 2^] R«,, say 
i- Ro„ say 


(3) 
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If B as before be used for the angles made by the isostatic surfaces with 
the hyperbolae, one obtains from the above formulae the relation 

tan ^ 2(cosh 2a - i)] 

B(i - cosh 2a cos ^ -2(1 “COS 2^) sinh 2a 

The surfaces so determined are the same as those of fig, 2, 

These results may be applied to the theory of intrusion in the manner 
which follows, Inglis supposes that the crack or elliptical cavity contains 
only vacuum. If, however, one adds, vectorially, to the displacements 
of any system, those which correspond to a uniform pressure Q, 
extending throughout an infinite solid under plane strain, in every 
direction in the plane, the expressions are still such as will satisfy the 
equations of equilibrium. The boundary conditions, however, are 
altered. One must suppose that the cavity is occupied by fluid under 
pressure Q, while the tensions at infinity are everywhere modified by 
having the quantity Q subtracted. The forms of the intrusive bodies 
are not, perhaps, those most likely to occur in reality. The crack, for 
instance, will be occupied by a sheet intrusion, of a shape which may be 
compared to that of a steel ruler, w^hose length is theoretically an infinite 
number of times its breadth. It seems probable, however, that the results 
obtained for this case may be applicable in some respects to other sheet 
intrusions, in particular in regard to the conditions obtaining along the 
edge. 

It is possible, for instance, to investigate the case where a liquid 
under pressure Q is intruded into a solid which was not previously under 
pressure or tension. For intrusion into the crack this is done by first 

substituting Q for R in equations (i). To the value of which is so 


derived, and to the zero value one then adds the quantities 


“ ”(i - 2a) sinh 2a and - 2a) sin 2)8, 

4p. 4/^ 


which correspond to a uniform pressure of amount Q. One thus obtains 

[(i - 2a)(cosh 2a - sinh 2a) - 2(1 - a) cos 2)8 + i] 
n 

^«—(i “2a) sin 2)3. 

^ 4M 

The tractions P„ and are found by subtracting Q from the corre¬ 
sponding quantities in (l). The value of Pa^ will be unaltered, as also 
will the directions of the isostatic surfaces. The latter are shown in 
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fig. I, which also indicates at certain points the pressures which whl be 
developed across them. 

If the liquid, under pressure Q, is intruded into a solid in which there 
was no pressure or tension in the y direction, but a pressure Q in the x 
direction, prior to intrusion, the total displacements may be obtained by 

making the same additions as before to the values of ^ and derived 

from equations (3). The corresponding isostatic surfaces, and the 
pressures across them at certain points, are shown in fig. 2. 

One may next investigate the more general case in which fluid under 



Fig. z.^Isostatic surfaces. Intrusion into solid previously compressed parallel 

to fracture. 

pressure is intruded into a crack of the form supposed, in an infinite 
solid, in which the principal tractions, previous to intrusion, were in the 
directions of x and y, as already defined, and of s, the dimension per¬ 
pendicular to the plane. These tractions will be denoted by X, Y and Z, 
and may be supposed to have any values. The values will be positive 
when they denote tensions, and negative when they denote pressures, 
while the fluid pressure will be denoted by the negative quantity A. The 
tractions will be unaltered at infinity; this forms one boundary condition, 
the other being that shall vanish along the crack, while P,. shall' 
be equal to A. This problem may be solved by supposing the strains 
in the solid to be formed by the superposition of four different systems, 
each of which satisfies the equations of equilibrium. 

The first system is given by assuming the displacement as defined 
in (i), to be multiplied by a factor which will be denoted as B. In tite 
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second one may suppose that Ut, 0%, as given in (3), are multiplied by a 
factor C. The third consists of an extension which is the same in all 
directions, and at all points, in the plane, and is sufficient, in itself, to give 
rise to a plane tension in all directions, equal to D. The fourth system 

dw 

is an extension in the direction of si, which may be denoted as and 


2/i dw 

we define E as being equal to 


The boundary conditions are 


then given by 


B + D -f aE « X 

B + C + D+cxE-Y 

20'B + crC 4* 2aD + (i — 0')E « Z 

D-foE-A 


These four simultaneous equations have the solution 

^ ^ a[’z-a (X + Y)] 
(i-2a)(i+or) ’ 

V Z-^HX + Y) 

^(l - 2cr)(l + 0 ‘)^ 


from which one obtains 


A 


= (X - A)«, + (Y - X)«, +^{a(i - a«7) - ^ 


■<r(X + Y )]1 


I +a 


'sinh 2 a 


S' -(Y - X)», - ^{a(. - .») - 


dw Z ■"Qr(X -fY) 

dz 2 fA(l +(T) 


(4) 


In (I), (3), and (4) it has been assumed that the ellipse of Inglis’s investiga¬ 
tion has the limiting form of a straight line, or in other words that ao=o. 
If a, is small, but finite, the tangential tension at the end of the ellipse 

becomes in the cases corresponding to (i) and (3). This assumes 

the outline of the cavity to be accurately elliptical, or at least that the 
extremity has very nearly the form of a parabola. This assumption 
will not in general be justified. 

We may suppose, however, that the cavity connects the two foci, but 
never extends beyond the narrow elliptical boundaries given by making 
a as aft. It may be otherwise quite irregular. The stresses in the 
immediate neighbourhood of the ellipse cannot then be calculated, but 
at a greater distance it seems certain that they will approximate closely 
to those given by Inglis’s formul*. If r be the distance from a focus. 
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this will hold even when r is small, so long, at least, as it is of a larger 
order than which represents the semi-axis minor of the ellipse. 

This discussion has been introduced because it is important for our 
purpose to investigate the stresses in the neighbourhood of an extremity. 
By making a® small enough, one obtains the formulae (i), (3), and (4), 
and when r is of a larger order than ca^ the application of these formulae 
seems justified. Suppose r to be small, and that 6 is the angle made by 
this radius with the direction of the crack produced. We then have 


cosh a I + + cos 6), 

2 € 

cos t - —(1 “cos 6 ). 

^ 2C 

By using the formulae (i) and (3) it will be found that the displacement 
— s:zuiy ^ =0 gives rise to the stresses 


+COS 


(1 -f cos 6 ^) • sin By 
-yJ^V (1 +COS &)(3 - cos 0 )y 


4 ^ r 


while the displacements ^ = ^ = l^ad to exactly the same result. 

The remaining terms in the expressions (4) do not correspond to stresses 
of the same order of magnitude. In the general case, therefore, we have 


P.^ “ —V(1 + cos ff) sin 0 , * . 

V(i +COS fl)(3 - cos 6). 


is) 


If Y represents a larger pressure than A, Y-A is negative. If this 
is so, however, the formulse (4) cannot apply, as «, would be negative, 
and clearly, under such circumstances, intrusion cannot take place. Ifi' 
however, Y represents a tension, or a pressure smaller than A, Y - A is 
positive, and very large tensile stresses will arise, owing to the fact that 
^ is of a larger order of magnitude than r. This will be the case, even 
when Y-A is a comparatively small quantity. The tensions will cross 
the extension, and surround the extremity of the crack. The values of 
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X and Z, corresponding to the pressures or tensions parallel to the crack, 
before intrusion, are seen to have no influence on the result. 

The directions of the isostatic surfaces, and the relative tensions 
which cross them at certain points, are shown in fig. 3. The conclusion 
which has been arrived at may be put into simple language by saying 
that intrusion, in occupying the blade-like edge of a fissure, must act 
as a wedge. Proof has only been 
given for one particular form of 
fissure, which has here been 
assumed to be perpendicular to a 
principal traction in the rock. 

In all probability, however, the 
principle is quite general, and will 
apply to the edge of any intrusive 
sheet. This is obviously the means 
by which a dyke or sill is able to 
extend itself. The only condition 
is that the intruded magma shall 
be under a pressure greater than 
that which is normal to the fissure, 
in the general body of the rock. 

If one of the principal stresses 
is a tension, intrusion perpendic¬ 
ular to its direction can take place at vanishing pressure. Inglis’s researches 
have shown, in fact, that for the extension of a crack the presence of a 
magma is unnecessary. This may have a bearing on joint formation. 
If, on the other hand, a magma is present, an actual tension is not a 
necessary condition for its intrusion. In a paper previously read to this 
Society, I have shown that, probably, all three principal stresses w^re 
pressures, at the time and place of origin of certain systems of cone-sheets 
(Anderson, 1936). The same must also apply to sill formation in 
horizontal strata. The sills must split apart the layers, in spite of a 
transverse pressure, corresponding to the weight of the overlying rock. 

The general process of minor intrusive activity may therefore be 
regarded as follows. There must, in the first place, be a parent magma 
reservoir, which may be at a considerable depth within the crust. To 
explain the origin of the reservoir is beyond the scope of this paper, but 
it may have the form of a flat sheet, or it may be more or less vertical. 
One direction of principal pressure will, according to theory, be normal 
to the margin of the magma. The other two will therefore be parallel 
to the margin, in its vicinity. If there is pressure in both the latter 

p-a^.a.—VOL. Lviii, i 937-,8 i nt, 17 



Fig. 3.—Isostatic surfaces close to end of 
intrusion. Figures show relative tensions 
across them. 
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directions, greater than that of the magma, there can be no wedging 
effect, and intrusion, if it takes place, must be due to some different 
mechanism. Suppose, however, that in one or both of these directions 
there is either tension or pressure less than that of the magma. Consider 
further what is the probable nature of the margin. It is unlikely that 
such a boundary, when considered in detail, will be a plane surface. 
It may be expected to contain irregularities, and some of these may take 
the form of slits and fissures which, although minute, are large enough 
to admit the magma. Before penetrating very far, the fluid may begin 
to exert a wedging action. By this means it extends its fissure, and if 
the further course runs transverse to a rock pressure which is less than 
magma pressure the process will continue. 

The wedging action will be greatest along those fissures which are 
most nearly normal to the direction of least principal pressure, or other¬ 
wise to the greatest tension, as the tensions which cross the continuation 
of the crack are a maximum for these fissures. The fissures referred to 
will therefore tend to be selected. The cone-sheets of any particular 
system, for instance in Mull, follow parallel, though curving courses, 
and this shows that the selection is real. The facts have been explained 
by supposing that there was, in such a case, an underlying dome-shaped 
magma caldron. The rock-stresses tangential to it were pressures less 
than that of the magma; they differed also in amount from one another. 
Intrusion across the direction of greater pressure might be theoretically 
possible, but it would have given rise to radial dykes, and, in Mull at 
least, only cone-sheets have been developed. Selection may also be 
inferred from the fact that regional dyke systems are, in general, more 
or less parallel. 

The wedging” hypothesis may be taken to give a satisfactory 
explanation of the inception and development of a sheet-like intrusion. 
What, however, it may be asked, sets a limit to the continuation of such 
a sheet? Why, for instance, do not all dykes reach the surface? The 
answer may be twofold. The pressures or tensions in a rock-body may 
alter laterally, and they are bound, in certain respects, to alter vertically. 
The magma pressure may also alter. It will decrease uniformly with 
height, and there may also, in some cases, be a progressive decrease, 
connected with the limitation of supply. 

An entirely different mechanism must be involved in plutonic intrusion, 
but the formation of dykes, sills, and cone-sheets may, it is suggested, in 
most cases be due only to wedging. There are, however, exceptions. 
These occur when the magma, instead of forming a new fissure, utilizes 
a fissure or fracture which has been previously formed. This will, in 
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the nature of the case, more probably be a shear fracture than a tensile 
fracture such as the magma itself would produce* It has been shown 
that, in all probability, the ring-dykes of Mull and other British plutonic 
centres occupied such pre-existent fractures (Anderson, 1936), and certain 
ring-dykes, such as the Loch Felsite, are sheet-like in character* 
There are also many examples, in the Scottish coalfields, of dykes which 
have followed previous steeply inclined faults. 

The conditions necessary for sheet intrusion may be summed up as 
follows. There must be a parent magma reservoir, but its vertical or 
lateral distance from the point considered is not of importance, as long 
as the following rule is satisfied. The magma must be able to transfer, 
or raise itself to the point in question, without ever encountering a region 
in which its own hydrostatic pressure is less than the least principal 
pressure in the intruded rock. If the fluid forms its own fissure this 
statement applies without modification. If it follows a pre-existent 
fracture the words “pressure transverse to the fissure“ have to be 
substituted for “least principal pressure/’ 
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OBITUARY NOTICES. 


John Jacob Abel, For. Mem. R.S., Hon. F.R.S.E. 

The death of John Jacob Abel in Baltimore on May 26, 1938, deprived 
science of an outstanding figure, and colleagues all over the world mourn 
the loss of a charming personality whose single-hearted devotion to 
research did so much to establish and advance pharmacology and 
endocrinology. 

He was born in 1857, and received his Ph.B. degree from the Univer¬ 
sity of Michigan in 1883. He studied for a year under Newell Martin 
at Johns Hopkins University, and then spent seven years of study in the 
leading Universities of Europe. His teachers included many famous 
names amongst the founders of modern medical science, e,g. Carl Ludwig 
(physiology), Schmiedeberg (pharmacology), Hoppe Seyler and von 
Nencki (biochemistry). 

In 1893 Abel became Professor of Pharmacology in the Johns Hopkins 
Medical School, a post which he occupied for nearly forty years until his 
retirement. 

His most famous scientific work was connected with the isolation of 
hormones. In 1895 he commenced work which resulted in the isolation 
of the monobenzoyl derivative of adrenaline. As a result of this success 
others succeeded in isolating the pure crystalline hormone. Nothing 
had been known previously of the chemical constitution of any endocrine 
secretion, and hence this work represented a biochemical advance of major 
importance. Some thirty years later he succeeded in obtaining insulin in 
crystalline form. These two discoveries are his best-known contributions 
to medical science, but he was engaged in active research for some fifty 
years, and his publications deal with problems concerning every aspect 
of pharmacology. 

In addition to his research activities he exercised a great influence as 
the founder and editor of journals. In 1905 he founded the Journal of 
Biological Chemistry^ and in 1909 he founded the Journal of Pharmacology 
and Experimental Therapeutics and subsequently edited it for twenty- 
three years. ^ 
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His scictttific record, seniority and reputation as an editor naturally 
conferred on him a great prestige, but these facts do not fully account 
for the influence he exerted on the development of pharmacology, since 
this was largely due to his special personal qualities. He combined an 
enthusiasm for research with an exceptional charm of manner and a 
special facility for communicating his enthusiasm to younger men. In 
consequence of this gift there is to-day a long list of persons holding 
Chairs who commenced their scientific career under Abel. 

His international reputation is evidenced by the fact that he held 
honorary degrees of four American, two British and one Continental 
University, and was an Honorary Fellow or Member of six American and 
fourteen foreign scientific societies. 

For at least a quarter of a century he was the recognised leader of 
pharmacology in the United States, and was accorded a very special 
respect and affection in this country. 

See also Obituary Notices of Fellows of the Royal Society^ vol. ii, 

1936-38, pp- 577-581- 

A. J. C. 
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Orlando Charnock Bradley, M.D., D.Sc., F.R.C.V.S, 

Orlando Charnock Bradley was born at Wheelton, near Chorley, 
in Lancashire, on May 8, 1871. 

He received his early education at Wheelton, afterwards proceeding 
to Chorley Grammar School. Later he attended classes in chemistry, 
animal physiology and botany at the Harris Institute, Preston, before 
entering the New Veterinary College, Edinburgh, which was then carried 
on as a private enterprise by the late Professor William Williams, but 
was afterwards incorporated by the University of Liverpool in which it 
now forms the School of Veterinary Science. Bradley’s student career 
was such that his outstanding ability quickly attracted the attention of 
Williams, and upon his graduating M.R.C.V.S. in 1892 he was at once 
appointed Lecturer in Comparative Anatomy and in addition was placed 
in charge of the College Hospital. It cannot be said that his bent ever 
lay towards clinical veterinary practice, and one may venture to assume 
that he did not find his hospital duties particularly attractive, especially 
when they had to be undertaken in conjunction with his studies in 
comparative anatomy, in which subject, from his first contact with it, 
he knew he had found his true scientific sphere, It was nevertheless in 
the field of clinical veterinary medicine that the spirit of inquiry and the 
faculty of precise observation which he possessed, and in later years so 
markedly developed, first became evident in a published paper, for it 
was at this early stage that he recorded his observations on the treatment 
of intestinal tympany in the horse by antizymotic agents introduced 
directly into the colon by intestinal puncture. 

By reason of temperament and inclination Bradley soon became 
almost wholly immersed in his anatomical work, and in order (among 
other reasons) to extend his knowledge of comparative anatomy took 
up the study of medicine at the University of Edinburgh, where he 
graduated M.B., Ch.B., in 1900. He was Goodsir Memorial Fellow in 
the years 1903*51 the title of his thesis being The Comparative Anatomy 
of the Mammalian Cerebellum^ and in 1905 was awarded the degree of 
Doctor of Science in respect of his work on the development and 
morphology of the mammalian hind-brain. Two years later there 
followed the conferment of his Doctorate in Medicine for his researches 
in the development of the mammalian liver, and in 1908 he received from 
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the Royal College of Veterinary Surgeons the John Henry Steel Memorial 
Medal ‘*in reward of merit.’' 

Between 1893 and 1908 Bradley’s contribution to the literature was 
extensive and during this period he published forty-seven original scientific 
communications, principally on anatomical, genetical and historical 
subjects. His text-books have proved of incalculable value to veterinary 
science. The Outlines of Veterinary Anatomy published in three parts 
in 1896--97 was an immature eflfort in which he, in after years, found 
no satisfaction, but his later works were wholly admirable and have 
become standard texts. These are: Topographical Anatomy of the 
Limbs of the Horse (1920); Topographical Anatomy of the Thorax and 
Abdomen of the Horse (1922); Topographical Anatomy of the Head and 
Neck of the Horse (1923); Topographical Anatomy of the Hog^ in three 
editions (1919, 1927, 1935); and The Structure of the Fowl, in two 
editions (1915, 1937). 

He founded and was editor of the excellent but short-lived Veterinary 
Review (1917-20), which had as its object the provision of an account 
of current veterinary literature of interest to the specialist and the 
practitioner. 

In his scientific writings Bradley’s diction is simple, clean-cut and 
explicit, but on occasion he would write, as he would often speak, with 
grace and charm. His History of the Edinburgh Veterinary College, 
published on the occasion of the centenary of the College in 1923, is not 
only an authoritative historical record but a fascinating tale. 

In October 1900 he was elected to the Chair of Anatomy in the Royal 
(Dick) Veterinary College and to the Principalship of the College in 1911, 
in which year he was also appointed to the Barclay and Goodsir Lecture¬ 
ship in Comparative Anatomy in the University of Edinburgh. In the 
same year he was elected to the Council of the Royal College of Veterinary 
Surgeons, the governing body of the veterinary profession. 

This time not only marked an epoch in Bradley’s career, but the 
circumstances of it effected a widening of his sphere of influence and 
occasioned a redirection of the main lines of his activities. His research 
work gave place to administration not only in that which concerned his 
College, but in the wider field of professional politics. His wisdom in 
council Was early recognised by his being elected Vice-President of the 
Royal College in 1912, and again in 1919, before proceeding to the 
Presidential Chair, which he occupied from 1920 to 1922, In 1935 he 
received the highest honour which it is within the power of the Royal 
College to bestow~that of Honorary Fellowship. 

Iii 1909 Bradley in a prcaidential address to the Scottish Metropolitan 
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Veterinary Medical Society outlined his conception of uniting all the 
many veterinary societies scattered throughout the country into one 
national association. At a conference held the following year the 
principle of amalgamation was approved, and a committee under Bradley's 
chairmanship was appointed to advance the scheme. After years of 
labour and in face of much discouragement, approval and acceptance of 
the constitution and rules of that body now known as the National 
Veterinary Medical Association of Great Britain and Ireland were finally 
obtained. Bradley was first elected President in 1914 and served as 
President continuously until 1922. 

The Board of Management of the Royal (Dick) Veterinary College 
as early as 1907 recognised the need for the removal of the College to 
new and much more commodious buildings, but because of numerous 
difficulties and delajrs the actual building of the new College in Summer- 
hall was not begun till 1913, and its memorial foundation-stone was laid 
two days before the outbreak of the Great War. The lean years of the 
war constituted a period during which his dominant qualities, quiet 
steadfastness to purpose and unswerving determination were most clearly 
evident. Not only did he find ways and means of carrying on the building 
of the fabric of the new College in spite of the diminution in the building 
funds due to the rapidly rising costs, but maintained, at least in being, the 
National Veterinary Association which almost from its inception he had 
to guide with a steady hand along the very edge of financial bankruptcy. 
The fine buildings in which the Edinburgh Veterinary College is now 
housed and the strength to which the National Veterinary Association 
has so rapidly attained must have been causes of much satisfaction. 

His interest in general scientific matters is reflected in his long associa¬ 
tion with the Royal Physical Society of Edinburgh, to the Fellowship of 
which he was elected in 1893, serving as Secretary 1903-u and as 
President 1912-15. Between 1901 and 1928 he made twelve contribu¬ 
tions to the Society’s Proceedings. 

Bradley was elected a Fellow of the Royal Society of Edinburgh in 
1903, He was a member of the Council, 1907-10 and again 1915-17, 
and served as Vice-President 1934-37, Two of his papers arc published 
in the Society’s Proceedings \ Abdominal Viscera of Cercocebus fuligin- 
osus and Lagothrix humboldti (1903), and *Xraniometrical Observations 
on the Skull of Equus prjevalskii and other Horses” (1907). 

Bradley could upon occasion affect a charming geniality, but his 
natural manner was placid, suave, precise and even cold. His sense of 
humour was deep and very real, but his wit, while nimble and adroit, 
could be sharp. His tastes were artistic and blended curiously but 
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smoothly with his scientific attributes. He performed with acceptance 
upon the violoncello and appreciated music very warmly; yet, with 
complete detachment, he could informedly discourse upon the mechanism 
of its production. He was readily touched by natural beauty, especially 
the beauty of flowers, and this but served to quicken his interest in the 
principles and practice of scientific plant-breeding. It was in the posses¬ 
sion of so many and such different qualities and of a mind so keen, 
cultured, and so severally faceted that Bradley was equipped splendidly 
for carrying through the many important tasks which he sought and to 
which he set himself. The passage of time alone will permit of the proper 
assessment of the remarkable contribution he made to the advancement 
of Veterinary Science during, perhaps, the most critical phase of its 
development. 

He died on November 21, 1937. 

J. R. G. 
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Sir Charles Bright, Kt, MJ.C.E., M.I.E.E. 

Sir Charles Bright, who died on November 20, 1937, was born in 1863. 
The son of the man who laid the first Atlantic cable naturally devoted 
himself to submarine cable work and for some fifteen or more years this 
claimed his energies, many cables under the oceans being laid or organised 
by him. But in the invention of wireless telegraphy he recognised the 
dawn of a new era, and in the early years of the century he became 
associated with wireless and its application to shipping. He success¬ 
fully advocated wireless stations round the coast and extended his activities 
to world radio as the possibilities of the subject developed. His interest 
in aeronautics led him to apply wireless to ships of the air, as earlier 
to ships of the sea, and the association with many parts of the Empire 
through his cable and radio work brought him to other aspects of 
imperial development, especially trade, industries and patent rights. 

With his wide knowledge of other countries he supported the League 
of Nations, of which he was a Vice-President, and other movements 
towards peace and amity, and as a keen participator in open-air games 
and exercise he helped in the promotion of playing fields and athletic 
clubs. Both his work as a cable engineer and his interest in the Empire 
made him an extensive traveller, and his experience made him a valuable 
member of many Government Commissions, including Imperial Relations, 
Radio-telegraphy, the Dominions, the Royal Flying Corps and Air 
Congress. These subjects and histories of his father Sir Charles Tilston 
Bright and of the first Atlantic cable, with contributions to the JSw- 
cyclopmdia Britannica and the more important periodicals and technical 
journals, occupied his pen. 

A man of kindly personality, he made many friends. His life was full, 
fruitful and interesting; such men arc the mainstay of their generation. 

He was elected a Fellow of this Society in 1895. 


F, G. B. 
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Sir John James Burnet, R.A., R.S.A., LL;D.(Glas.), 

F.S.A., F.R.I.B.A. 

Sir John J. Burnet was the son of an eminent Glasgow architect of 
the latter decades of the nineteenth century—John Burnet—and became 
a partner in the firm known for many years as John Burnet & Son. He 
was born in 1857 in Glasgow and died in Edinburgh on July 2, 1938. 

Destined from boyhood to follow his father’s profession, he had his 
preliminary training in the drawing-office of his father after leaving 
school in Glasgow. After a period he was sent to Paris to continue his 
artistic and architectural training. There he worked firstly in the studio 
of Monsieur Pascal and was later admitted to the ficole des Beaux Arts, 
where he gained two medals—for mathematics and construction. On 
returning to Glasgow he resumed work with his father and gained an 
almost immediate success in a competition for the Galleries of the Royal 
Glasgow Institute of the Fine Arts. Following this he became increas¬ 
ingly active on succeeding his father, and was responsible for many 
important buildings in Scotland. Among his principal works are, in 
Glasgow, the Clyde Trust Offices, extensions to the University and to the 
Western Infirmary, the Elder Library and the Elder Cottage Hospital 
in Govan, the Barony Church and the Stock Exchange extensions. 
Buildings erected after his designs in Edinburgh are the former Profes¬ 
sional and Civil Service Stores in George Street, Messrs Forsyth’s premises 
in Princes Street, and the Head Offices of the Union Bank of Scotland, 
Glasgow. In other parts of Scotland he was responsible for the Gardner 
Memorial Church, Brechin; the Town Church, Arbroath; the McLaren 
Memorial Church, Stenhousemuir; and the restoration of Duart Castle, 
Mull. 

His appointment to be the architect of the King Edward VII Galleries, 
British Museum extension in 1905, led to many other commissions in the 
South and was instrumental in the principal offices of the firm being 
transferred to London. Among his more important works in the capital 
are the Institute of Chemistry in Russell Square, the Kodak Building in 
Kingsway, the General Accident Building in Aldwych, Selfridge’s exten¬ 
sion in Oxford Street, and the conspicuous Adelaide House at London 
Bridge. 

After the war of 1914-18 he was appointed chief architect for the 
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Imperial War Graves Commission in Palestine and Gallipoli. As senior 
member of the London firm of Sir John Burnet, Tait and Lome he 
gradually retired from business activities and eventually returned to 
Edinburgh a few years ago, after having lived at Famham, Surrey, 

Sir John was elected a Royal Scottish Academician in 1914 and 
received a knighthood in the same year, in 1923 the Royal Gold Medal 
of the Royal Institute of British Architects was conferred on him, and in 
1925 he was elected a Member of the Royal Academy* He was an 
Honorary LL.D. of Glasgow University, a Fellow of the Royal Society 
of Edinburgh (elected 1887) and a Corresponding Member of the Institut 
de France, as also of the American Institution of Architects. 

Sir John Burnet must be considered as one of the most important 
architects of this period of transition from the comfortable complacency 
of the later Victorian decades to the troubled post-war reactions that 
tend towards a denial of all but functional requirements. The mind of 
the sensitive and restrained artist, more prominent in the results of his 
earlier efforts, is nevertheless ever present in the later works in which 
the more rigid requirements of the times have been dictated to the 
architect. 

In the words used in connection with the conferring of the Gold 
Medal in 1923, ‘Tew architects may be said to have so pervasive an effect 
on the work of their own time.*' 

Sir John married in 1886 Jean Watt, daughter of the late Sir James 
Marwick, who was Town Clerk of Glasgow for many years. He is 
survived by Lady Burnet and had no family. 


A. E* H. M, 
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The Rev. Thomas Burns, C.B.E,, D.D, 

Dr Burns was a Fellow of the Royal Society of Edinburgh since the 
year 1888. He was a man of catholic sympathies, unique energy, and 
very varied gifts. In the fifty years of his ministry in Lady Glenorchy^s 
Parish he found ample room for the exercise of these. In its teeming 
population dwelt every kind of problem, for in its varied humanity lurked 
the difficulties of poverty and the slum, though it was not wholly the 
asylum of the distressed and depraved. He was kept going by a 
vision which upheld him. He set himself to schemes of education that 
a door of opportunity might be opened to the children of the poor. In 
the School Board, on the Heriot Trust, and in the Training College fOr 
Teachers he made his practical energies felt. In the interests of the blind 
he employed all his driving force, with most helpful results. The Royal 
Blind Asylum and its workshop were in his parish, and many of the 
blind people had homes and lodgings there, making little of life with 
their meagre earnings. Work among these gave him his great inspira¬ 
tion after the \Var, when the difficulties of a sightless population were multi¬ 
plied. He established Newington House, where the blinded soldiers might 
be taught to earn their living. And he also founded a home for blind 
women. For the many-sided activities of a practical religion such as his was, 
he built a church which was a pioneer in institutional congregational 
life, and it became a hive of activity. These are his lasting monuments. 

He knew intensely the value of education as an uplifting fact, and 
he was content to make his self-denying labours his best and most eloquent 
sermons. For the realisation of his humanitarian projects he had no 
shyness in asking, and I never heard of his receiving a refusal to any 
appeal he made. 

Amidst all his varied activities he made himself a little corner of 
leisure, in which he wrote his valuable work on OJd Scottish Communion 
Plate and other fruits of his archaeological knowledge: and he was 
successful in recovering much forgotten and lost treasure-trove of the 
Church, He was not confined to any idea of mere parochialism or 
eccl'esiasticism. His interests had a wide stretch in them, but whatever 
benefits they bore were passed on to the needs of the folk whom he loved 
to serve. He carried light and a breeze with him, for which many a soul 
had reason to be thankful. Nothing in his life, work, or thought belonged 
to a world of standardised humanity or programmed enterprise, yet he 
was a master of method, and sure of victory, because he had deleted the 
word ^‘surrender** from his vocabulary of conduct. 

He died on January 15, 1938. 


L. MacL, W, 
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William Wallace Campbell, For, Mem. R.S., Hon. F.R.S.E. 

The tragic death on June 14, 1938, of William Wallace Campbell removed 
from the list of Honorary Fellows of the Society a great astronomer and 
a wise and firm administrator. For over twenty years he was Director 
of the great Lick Observatory, and it was only as a result of heavy pressure 
that he consented in 1923 to accept the office of President of the Uni¬ 
versity of California. He had previously refused many important posts 
on the ground that he preferred the Directorship of Lick to anything else, 
and even when he was persuaded by a deputation from the University 
that they were really in need of his outstanding administrative ability, 
it was his earnest hope that his term of office would be short. He 
accordingly retained his title of Director of the Observatory in the 
expectation that he would return to the institution he loved so well, but the 
task that awaited him was heavy and kept him until his health failed in 1930. 

Campbell will remain renowned for his development of the spectro¬ 
scopic determination of the components of stellar velocities in the line of 
sight. As early as 1906 his work in this field had earned the Gold Medal 
of the Royal Astronomical Society, and the Lick Catalogue of Radial 
Velocities published in 1928 is perhaps the best monument to his memory. 
This catalogue bears the names of Campbell and of his colleague Moore, 
and contains the radial velocities of 2760 stars with a complete discussion. 
The systematic observation of radial velocities has assisted, to a very high 
degree indeed, the efforts of astronomers to understand the kinematics 
of the Stellar Universe, and William Wallace Campbell has for long been 
in the van of this line of research, and has proved himself pre-eminent as 
an observer, as an organiser, and as one who knew how to extract full 
information from his observational material. Mention must also be made 
of his verification, in 1922, of the Einstein gravitational displacement 
of light, thereby confirming the results of the British observers in 1919. 

Campbell joined the staff of Lick in 1891 and became Director in I90j[. 
The success of his work is directly due to his high instrumental skill. 
Prior to his appointment as Director he set himself the task of designing 
a spectrograph for the specific purpose of determining radial velocities 
with all possible accuracy. Thanks to the generosity of Dr D. H, Mills 
funds were available, and the Mills spectrograph exceeded all expecta¬ 
tions, incorporating as it did freedom from flexure, provision for accurate 
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guiding and efficient temperature control. Between August 1896 and 
August 1898 several hundred spectra were obtained, and the radial 
velocities of some fifty stars were measured with hitherto unprecedented 
accuracy. But Campbell was not satisfied, and, utilising Wright’s sugges¬ 
tions, for the further elimination of residual flexure, he proceeded to the 
design of improved Mills spectrographs. By 1909 he was able to determine 
the solar motion from the radial velocities of 1047 stars, and at the same 
time made the surprising discovery of what is known as the K Term. 
In subsequent years the work of measuring radial velocities of stars was 
pushed steadily forward, but Campbell found time for important spectro¬ 
scopic researches on Planetary Nebulae, Novae, Wolf Rayet stars, the 
Orion Nebula, and the composition of the atmosphere of Mars. An 
important by-product of the radial velocity programme was the discovery 
of the high percentage of close binary star systems existing among the stars. 

Even in an abbreviated notice mention must be made of Campbell’s 
eclipse work and his contributions to the study of the Solar Chromosphere. 
He took part in seven eclipse expeditions and designed a simplified 
equatorial mounting which was sufficient for the restricted movements 
needed. An essential feature of the design was its portability, and it has 
been adopted by many other astronomers. He also introduced a new 
feature into the photography of the flash spectrum whereby the spectrum 
of the Sun’s edge was recorded continuously for a few seconds at the 
commencement or end of totality by means of plate-holders moving at a 
uniform rate by clockwork. This device exhibits very strikingly the 
different depths at which different Fraunhofer lines are reversed^ 

In spite of increasing blindness and failing health, Campbell accepted 
the Presidency of the National Academy of Sciences from 1931 to 1935, 
The work was exacting and he had to move to Washington. He devoted 
himself to maintaining the prestige of the Academy, and was instrumental 
in the creation within the Academy, on 1 the invitation of the President of 
the United States, of the Government Relations and Scientific Advisory 
Committee, a body which advises the President and various Government 
departments on scientific matters. The National Academy of Sciences 
profited to a considerable degree from their President’s high executive 
ability and tenacity, and his end is the passing of one who, in addition 
to being a great astronomical pioneer, played an important part in 
American scientific and academical life. 

He was elected an Honorary Fellow of the Society in 1920, 

See also Obituary Notices of Fellows of the Royal Society, vol. ii, 

J936-38» pp* 613-619* 


W. M. H. G, 



264 


Obituary NoHcts 


William Eagle Clarke, LS.O., LL.D. 

To the study of the vertebrate fauna of Scotland, and particularly of its 
birds, Dr Eagle Clarke made many contributions. That was an interest¬ 
ing development for a youth, born in Leeds in 1853, who had been trained 
as a civil engineer, and it was partly due to an inherent love of nature 
and partly to the influence of a great teacher of zoology, Professor L. C. 
Miall, under whom Eagle Clarke studied at the Yorkshire College, which 
became the University of Leeds. 

A definite trend was given to his life’s work when at the age of 
thirty-one he was appointed Curator of the Leeds (Philosophical Society’s) 
Museum, and its direction was fixed when four years later, in 1888, he 
was made Assistant in the Natural History Department of the Museum 
of Science and Art (now the Royal Scottish Museum) in Edinburgh, 
under its first independent Keeper, Dr Ramsay H. Traquair. The great 
part of his working life was spent in that institution, where he succeeded 
Dr Traquair as Keeper in 1906, and from which he retired in 19^1. 
There he made many changes, developing the collections for the use of 
students, encouraging the popular aspect of the exhibits, and bringing 
together by the way one of the finest exhibited collections and cabinets 
of British birds in the country. 

Dr Clarke’s scientific work covered a wide field in systematic zoology, 
ranging through all the classes of vertebrates, as witness his papers on the 
fishes of the Forth and its tributaries or his description of new forms of 
small mammals from the islands. But his name will be linked particu¬ 
larly with the study of birds, and there especially with the phenomena 
of migration. He added, perhaps more than any other, to the list of 
those rare birds which make an occasional appearance in Scotland. In 
Europe he found fresh material for publication in tracking the birds of 
Brabant, of Slavonia and Hungary, of Iceland and the Faroes, of the 
Pyrenees and the delta of the Rhdne. Still further afield he identified 
collections of birds from the northern islands of Jan Mayen and Franz 
Josef Land, from Hudson’s Bay, from the tropical Philippines, and from 
the Antarctic voyage of the Scotia. 

His contributions to our knowledge of the migrations of birds are 
outstanding. Appointed a Member of the British Association Bird 
Migration Committee in 1880, he drew up its final Reports, and in the 
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course of collecting information he developed two effective methods of 
studying migration. By living in lighthouses and lightships and by 
enlisting the services of light-keepers he was able to catch bird move¬ 
ments in full swing, and his repeated visits during seasons of migration 
to Fair Isle, isolated between the Orkney and Shetland Islands, gave 
that tiny island something of the bird-watching fame which Gatke's 
fifty years of observation gave to Heligoland. The results of his observa¬ 
tions appeared in final form in two volumes, Studies in Bird Migration 
(1912). 

In addition to these volumes he published, with W. D. Roebuck, A 
Handbook of Yorkshire Vertebrata (i88i); with J. G. Bartholomew and 
Percy H. Grimshaw an Atlas of Zoogeography (1911); edited Colonel 
Wardlaw Ramsay’s posthumous Birds of Europe and North Africa 
and rewrote Howard Saunders’ Manual of British Birds (1927). 

For forty years he acted as editor or as joint-editor of The Scottish 
Naturalist and its predecessor The Annals of Scottish Natural History, 
and in that capacity he guided to a great extent the development of field 
natural history in Scotland. 

Dr Clarke’s work gained him many marks of recognition. He was 
created a Member of the Imperial Service Order in 1920; the University 
of St Andrews conferred on him the degree of LL.D,; in 1918 he was 
elected President of the British Ornithological Union, and in 1922 he 
was made the first recipient of the Godwin-Salvin Medal. He was an 
honorary member of many foreign ornithological societies, and in this 
country he took part in several commissions concerned with wild birds 
and their protection, a subject upon which he acted as adviser to the 
Scottish Office for many years in connection with the administration of 
the Wild Birds Protection Acts. 

Dr Clarke’s holiday pursuits were angling and walking, and it was 
a great pleasure to share an outing with an observer so skilled and so 
well versed in field natural history. That was a study he did much to 
stimulate in Scotland, and many owe their interest in Scottish animals 
to his enthusiasm and kindly encouragement. He died, after a long 
period of failing health, on May 10, 1938, in his eighty-sixth year. 

He was elected a Fellow of this Society in 1903. 

J, R. 
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Sir James Crichtoxi-Browne, M.D., LL.D., D.Sc., F»R.S. 

On January 31, 1938, Sir James Crichton-Browne died a few months 
after his 97th birthday. In him the Royal Society of Edinburgh lost 
its oldest Fellow, for he was elected in 1870. He held a similar distinction 
in the Royal Society, to which he was elected in 1883. 

His father, Dr W. A. F. Browne, who was the first Medical Super¬ 
intendent of the Crichton Royal Mental Hospital at Dumfries, was 
largely responsible for the high standard of care and treatment of the 
insane for which this institution has since been famous; later he became 
Commissioner in Lunacy in Scotland. It was therefore not surprising 
that after qualifying in medicine in Edinburgh University at the age 
of 22, his son decided to devote himself to the study of mental disorders. 
After serving in junior posts in various county mental hospitals he was 
appointed in 1866 Medical Superintendent of the West Riding Asylum 
at Wakefield, a post he held until 1875. It was here his most valuable 
researches and pioneering work were done. On obtaining the independence 
and the opportunities for study which his new post gave him, Crichton- 
Browne at once attempted to initiate an investigation of mental disease 
on a scale which had not been previously adopted in this country. 

As facilities for the publication of papers on neurological and psychi¬ 
atric subjects were then very limited, Crichton-Browne also instituted, 
in 1871, the West Riding Asylum Reports, in which there appeared under 
his own direction and that of his successors several valuable contributions 
to this branch of medicine from both members of his staff and from others 
who were interested in his venture, as Ferrier, Hughlings Jackson, 
Clifford Allbutt, William Turner the anatomist, and others. As a result 
of these activities the Wakefield Asylum became a recognised centre for 
the study of the brain and its disorders; and though its superintendent 
was unable, owing to his official duties, to devote much time to original 
investigation, his enthusiasm and critical mind stimulated and guided the 
work which was undertaken in the wards and laboratories of the Hospital* 

In 187s he was appointed Lord Chancellor's Visitor in Lunacy, and 
he was compelled to move to London. His new post gave him little 
opportunity for study or research, but his interests remained unabated* 
He was responsible, in conjunction with Hughlings Jackson and Dayid 
Ferrier, for the foundation in 1878 of the neurological journal BrmHr 



Sir James Crichton*Browne 


267 


and he was for a time co-editor of it. The most noteworthy of his own 
contributions to it was on “The Nature and Cortical Localisation of 
Muscle Sense/’ which revealed his power of accurate observation. He 
soon became a member of the Royal Institution, of which he was for many 
years Treasurer, and later a Vice-President; here he had opportunities 
of keeping in contact with various branches of scientific work; in fact, 
the affairs of the Institution were for long his chief interest outside his 
professional life. 

His post as Visitor in Lunacy enabled him to emphasise his views 
on the importance of the early treatment of mental disorders, but he had 
to recognise the inadequate responses to his efforts from both official 
circles and from the medical profession; in this matter he was before his 
time. In 1884 he presented an important report on the influence of 
primary education on mental health and development and on the effect 
of overwork in the elementary schools, which at that time attracted 
considerable attention, and was printed for circulation by order of the 
House of Commons. 

Crichton-Browne was an eloquent and a popular lecturer, and until 
recent years spoke frequently before various audiences on psychology 
and allied medical subjects, especially in their social relations. To later 
generations he was known chiefly as a gifted orator, and he was particularly 
famous as an after-dinner speaker. He published several volumes of 
reminiscences under the title Leaves from a Doctor^ s Diary ^ which attained 
considerable popularity. Till his end he retained his activity of mind 
and body, and to many of his friends he seemed to possess the secret 
of perpetual youth. 

Crichton-Browne was knighted in 1886; he received the honorary 
degree of D.Sc. from the University of Leeds, and that of the LL.D. 
from Aberdeen and Edinburgh. He was in succession President of the 
Royal Medical-Psychological Association, of the Neurological Society, 
and of the Medical Society of London. 

By his first wife, a daughter of Dr J. Halliday of Seacombe, he had 
a daughter who survived him and a son whose death preceded his own 
by only a few months. In 1912 he married a daughter of General Sir 
E. G. Bulmer, who survives him. 

(Condensed from the Obituary Notices of Fellows of the Royal Society, 
vol. ii, 1936-38, pp. 519-5211 by permission.) 
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Alexander John Dey. 

Mr Dey was born at Rothiemay in Banffshire and served his apprentice¬ 
ship there as a pharmaceutical chemist with Messrs Pirie & Sons. After 
a short period in Aberdeen he came to Edinburgh in 1887 and continued 
his studies at the Royal Dispensary School of Chemistry (“Duncan's”) 
and qualified as a pharmaceutical chemist in 1890. In 1892 he joined 
the staff of Messrs T. & H. Smith, the well-known manufacturing chemists, 
becoming Manager in 1899 and a Director in 1904. 

He was actively concerned with the development of the firm's business, 
and was responsible for the removal of the works in 1906 to a much 
larger site on the outskirts of Edinburgh, the old name of the Blandfield 
Chemical Works being retained. Since then large additions to the 
works have been carried out under his direction. 

The War made great demands on the products of the firm, and Mr 
Dey undoubtedly suflfered in health from the strain of these years. He 
retired in 1935, much to the regret of his colleagues and staff. 

Mr Dey was elected a Fellow of the Royal Society of Edinburgh in 

1925* 

In his early days he was much interested in curling, and he was also 
a keen fisherman. 

He died in Edinburgh on December 19, 1937, at the age of sixty-nine. 
His death removes a man of much administrative ability, and his loss is 
regretted by a large circle of friends. 


A. L. 
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Alexander Galt, D.Sc. 

Alexander Galt was born in Mauchline in the year 1854. He was 
educated at Kilmarnock Academy and later received a very thorough 
and comprehensive training at Glasgow Training College, Glasgow 
University and the City and Guilds Institute, London. He graduated 
B.Sc. in Glasgow in 1887 and received his doctorate in 1898. He held 
various teaching posts before becoming official assistant to Lord Kelvin 
at Glasgow University. While at Glasgow University Dr Galt had 
excellent ppportunities of engaging in research, and presented papers, 
both alone and jointly with Lord Kelvin, to the Royal Societies of London 
and Edinburgh. He left Glasgow to organise the science training in 
the Episcopal Church Training College in Edinburgh. 

In 1901 the control of the Royal Scottish Museum was transferred 
from the Science and Art Department, London, to the Scottish Education 
Department, and Sir Francis Ogilvie, at that time director, appointed 
Dr Galt to organise a new department of the museum—the Technological 
Department—which was to be closely associated with the technical 
education in Scotland. Dr Galt^s wide educational experience fitted 
him admirably for his new work, which he developed with the happiest 
results till his retiral under the age limit in 1920. 

He was elected a Fellow of this Society in 1887, and died at Mont 
Felard in the Channel Islands on June 26, 1938, in his eighty-third year. 

T. R. 
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George Ellery Hale, For. Mem. R.S., Hon. F.R.S.E. 

By the death, on February 22, 1938, of George Ellery Hale, astronomy 
has lost one who notably influenced the progress of the science, both by 
his outstanding powers of organisation and by his individual researches. 
The Observatories of Yerkes and Mount Wilson remain as monuments 
to the memory of Hale the organiser, and a long record of published 
research has been recognised by many honours, including the award 
of the Royal Astronomical Society’s Gold Medal in 1904, and the Copley 
Medal of the Royal Society in 1932. 

Hale was born in Chicago on June 29, 1868. His interest in practical 
astronomy dates from his boyhood, when with the aid of a small grating 
Spectroscope he observed the solar spectrum, and compared it with 
flame and arc spectra. He entered the Massachusetts Institute of Tech¬ 
nology in 1886 and graduated in 1890. During this period he officially 
studied mathematics, physics and chemistry, but he found time to serve 
as a volunteer assistant at Harvard Observatory, and tried out his first 
spectroheliograph in 1889, This was the forerunner of the perfected 
instrument, the completion of which was announced in 1892, and which 
provided a means of photographing the sun’s disc in monochromatic 
light. In the hands of Hale himself, Deslandres and others it has proved 
to be an effective instrument of research, and the production of it alone 
would rank as an instrumental achievement of the highest order. 

After his graduation, Hale was offered the opportunity of developing 
his spectroheliograph at Lick Observatory. He declined this offer, and 
established with the aid of his father a private observatory at Kenwood, 
in a suburb of Chicago. In 1891 he photographed the spectrum of a 
prominence, being the first to do this without the aid of an eclipse. 
Important studies of the whole solar disc, using his newly perfected 
spectroheliograph, were carried out at about this time, and Hale dis¬ 
covered the presence of large bright calcium flocculi on the disc, particularly 
around sunspots. 

The three years’ research at Kenwood were interrupted by a visit to 
Europe in 1891, where Hale met many astronomers and spectroscopists 
and studied their equipment. He spent the winter of 1893-94 at Berlin, 
where he attended Planck’s lectures on thermodynamics. But hi$ private 
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research at Kenwood was destined to be of short duration. In 1892 his 
pioneer work had won him recognition by the University of Chicago, of 
which he became an Associate Professor of Astrophysics. With the 
backing and help of the President of the University he formed plans 
for the building of a great observatory, and eventually Mr Yerkes, a 
Chicago millionaire, was persuaded by President Harper and Hale to 
provide the funds. The Yerkes Observatory was completed in 1897, 
and Hale surrounded himself with a talented staff including Barnard, 
Burnham, Wadsworth, Frost and Ellerman. 

The foundation and development of an observatory such as Yerkes 
was in itself an achievement which could only be carried through by a 
man combining exceptional powers of organisation with high technical 
ability. But a greater task was in store. In the winter of 1903-4 
Hale was in southern California owing to illness in his family, and he 
found time to make tests of the conditions prevailing on Mount Wilson. 
He recognised the astronomical value of the site, and with the aid of a 
grant from the Carnegie Institution of Washington an expedition came 
from Yerkes and set up the Snow horizontal telescope, consisting of a 
large spectrograph and long-focus concave mirror fed by a coelostat. 
The Carnegie Institution then decided to finance a new observatory, and 
in December 1904 the Snow telescope was purchased from Yerkes. 

So began the world-famous Mount Wilson Observatory. Expansion 
of its activities was rapid under Haleys leadership. The 6o-foot and 1 50- 
foot tower telescopes were designed and erected, and the work of the new 
observatory, which at first was devoted to solar research, expanded into 
the domains of stellar astronomy, the 6o-inch reflector being followed by 
the loo-inch Hooker telescope which was eventually completed in 1919. 
Hale remained Director till 1923 and then was compelled to retire owing 
to reasons of health. He erected for himself a small private observatory 
for solar research in Pasadena, and it was there that he designed and 
perfected the spectrohelioscope, an in.strument allowing an observer to 
obtain a visual image of the solar disc in monochromatic light. It was 
soon realised that here was an instrument ideally designed for the study of 
short-lived chromospheric phenomena, and the first-fruits of the new 
instrument lie in the recognition, by its aid, of intense transient bright 
flocculi in hydrogen light and of their correlation with ionospheric 
disturbances. 

During the last years of his life Hale played a prominent part in the 
plans for the new 200-inch telescope, now in process of completion, and 
while it is a matter for deep regret that he has not survived to see this 
instrument in use, it is some consolation to know that its progress was.far 
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enough advanced for him to realise that the battle was won, and that 
the instrument was assured of coming into active use* 

We must now turn to Hale*s individual contributions to research* 
The majority of his papers are to be found in the publications of the 
Yerkes and Mount Wilson Observatories and in the Astrophysical Journal. 
We select for special comment the researches carried out by himself and 
his colleagues on Solar Magnetic Fields. In 1908 he discovered un¬ 
mistakable evidence of a Zeeman effect in the sunspot spectrum, the 
components of the doubled iron lines being shown, by the use of a Fresnel 
rhomb and Nicol prism, to be circularly polarised in opposite directions, 
'rhe existence of strong magnetic fields in sunspots of the order of 3000 
gausses was thus established. Later researches revealed a wealth of 
interesting phenomena. It was found that the two members of a bipolar 
spot group have opposite magnetic polarities, that the polarities of the 
preceding and following members have opposite polarities in the northern 
and southern solar hemispheres, and that the whole polarity scheme 
reverses for successive sunspot cycles. These and other beautiful results 
achieved by the enthusiasm, skill and patience which were characteristic 
of Hale, and which he knew well how to induce in his colleagues, present 
the theoretical astrophysicist of to-day with some extremely interesting— 
and extremely difficult—problems. 

A further problem was tackled—the possible existence of a general 
magnetic field of the Sun as shown by the Zeeman effect. The field, if 
any, is relatively small and the task of measurement very difficult. The 
measurements of 1909 and 1910 indicated a maximum field strength of 
the order of fifty gausses, but later measurements suggest smaller values. 
The present position may be stated thus—there is a presumption for the 
existence of the field, but complete and definite proof is still lacking. 

Hale’s success was due in no small measure to his personality. The 
fact that he was able to get men like Yerkes and Hooker to finance his 
schemes speaks for the confidence which he always inspired in others. 
He possessed a capacity for surrounding himself with highly efficient 
colleagues, and for obtaining their esteem and affection, which were 
shared by astronomers in all countries of the world. The news of his 
death, which took place on February 22, 1938, at Pasadena, was received 
with universal regret. 

His scientific activities extended beyond his own research work and 
the affairs of the observatories he founded. In conjunction with James 
E. Keeler he founded the Astrophysical Journal in 1895, It was on his 
initiative that the International Solar Union was founded in 1904, and 
when the work of this body was eventually merged in the wider acti^ties 
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of the International Astronomical Union he became President of the 
Commission of Solar Physics. He was Foreign Secretary of the National 
Academy of Sciences and was active in establishing the National Research 
Council of the United States. In 1919 the International Research 
Council was formed, and Hale was naturally and inevitably an active 
member of the original executive. In the last years of his life he became 
President (i934“37) of the International Council of Scientific Unions. 

He was elected an Honorary Fellow of the Society in 1913. 

See also Obituary Notices of Fellows of the Royal Society^ vol. ii, 

5936-38. pp. 523-529. 


W. M. H. G. 
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Sir William Campbell Johnston^ W.S., LL,D. 

Sir William Campbell Johnston, who died on October 6, 1938, was 
the last survivor in his generation of a distinguished family which included 
the Hon. Lord Johnston, Col. Sir Duncan Johnston, K.C.M.G., C.B., 
Director-General of the Ordnance Survey, and Dr Mackensie Johnston. 
He was born in i860, his father being Henry Johnston, surgeon in the 
Honourable East India Company's service. After completing his 
education at Clifton College he was apprenticed as a W.S. and was 
admitted to membership of the Society in 1885. 

He rapidly made a name for himself in legal circles and took an 
active part in the councils of the W.S. Society. In 1922 he became 
Collector of the Widows Fund, and was appointed Deputy Keeper of the 
Signet in 1924 on the resignation of Sir George Paul—an office which 
he held until his resignation in 1935. He received the Honorary Degree 
of LL.D. from the University of Edinburgh in 1928 and was knighted 
in 1934. He was admitted to the Fellowship of the Society in 1934. 

He was the trusted adviser of a large circle of clients and held many 
important legal appointments. He was also a Director of many important 
financial institutions, amongst them the Commercial Bank of Scotland 
Ltd. and the Life Association of Scotland. Keenly interested in educa¬ 
tion, he was a Governor of Fettes College and of Keil College, Dumbarton, 
and was Clerk to the Governors of Morrisons Academy, Crieff. He had 
also a close interest in John Watson's School for fatherless children, the 
Governors of which are the Keeper and Commissioners of the Signet. 
All these institutions owed much to his guidance. 

During his tenure of office as Deputy Keeper important legal develop¬ 
ments took place, in which he had a large part. One of these was the 
passing of the Solicitors (Scotland) Act, I933> which set up the General 
Council of Solicitors as the governing body of solicitors in Scotland. He 
was elected the first Chairman of this body, and the smoothness with which 
the new machinery worked was largely due to his genius for obtaining the 
collaboration of others and to the universal respect in which he was held. 

Sir William had many interests other than purely professional. He 
was a member of the King's Bodyguard for Scotland (Royal Company 
of Archers), In his younger days he was a noted cricketer, but in Izt&r 
years golf was his main recreation. 

Predominant amongst his interests, however, was the W.S. Society, 
and the affection with which he was regarded was evidenced irt 19^2 
when members of the Society subscribed for his portrait which now hangs 
in the rooms of the Society, and again in 1934 when he was entertained 
at a banquet in the Parliament Hall by members of the Society* 

U. W. 
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Sir Colin Mackenzie^ M.D., F.R.C.S.Ed. 

Colin Mackenzie was barn of Scottish parents at Kilmore, Victoria, 
in 1877. One of four brothers educated for the medical profession, he 
graduated M.B. at the University of Melbourne in 1898 and M.D, in 
1901. In the early years of his professional life he had experience of 
general practice, but the lines of his career were soon determined by 
teaching appointments in Anatomy at the University of Melbourne and 
a clinical appointment at the Children's Hospital in that city. 

In 1904 he visited Europe to pursue orthopaedic studies, and worked 
for some time with Robert Jones at Liverpool. Faced with a severe 
epidemic of infantile paralysis soon after his return to Melbourne, he 
devised new methods of treatment for the immediate and remote effects 
of that crippling malady. 

Success in specialist orthopaedic practice followed, but meanwhile 
Mackenzie had taken up an intensive study of the comparative anatomy 
of the peculiar fauna of Australia from the point of view of the correlation 
of structure and function. To this work he devoted all his spare time 
and began to build up a great collection of dissections. 

During the War he worked in London, and was for a time 
actively associated with the treatment of war injuries, in charge of a 
special department in the Military Orthopaedic Hospital at Shepherd's 
Bush. 

Thereafter Mackenzie devoted himself finally to the comparative 
anatomy of the Australian fauna, and in 1924 the dream which had 
inspired him for many years was realised. In that year he presented 
to the Federal Government his great private collection of specimens and 
dissections, and a special Act was passed establishing the Australian 
Institute of Anatomy. He was appointed the first Director and in 1930 
his collection, now greatly augmented by the addition of anthropological 
and other material, was transferred to the monumental building which 
had been erected to receive it. It will assuredly be a lasting memorial 
to Mackenzie's vision, industry and tenacity of purpose. 

His well-known book on The Action of Musclesy including Muscle 
Rest and Re-^educaHon was published in 1918; Intellectual Development 
and the Erect Posture followed in 1924; and he also recorded his observa- 
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tions on the Comparative Anatomy of the Australian Fauna in four 
volumes. 

He received the honour of Knighthood in 1929. He had beto 
President of the Royal Zoological Society of Victoria, and in 1928 was 
Bancroft Lecturer and President of the Zoological Section of the Australian 
Science Congress. In 1937 he was elected the first President of the 
Royal Society of Australia. 

Sir Colin Mackenzie died in Australia on June 29, 1938, a few months 
after he had resigned his post of Director of the Institute of Anatomy 
on account of ill-health. He was elected a Fellow of this Society in 1905. 

J. C, B. 
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Sir David Orme Masson, D.Sc, LL.D., F.R.S. 

Sir David Orme Masson, who died at Melbourne as Professor Emeritus 
of the University there on August 10, 1937, at the age of 79, had been 
a Fellow of this Society since 1885. He was born in London in 1858, 
and at an early age he accompanied his parents to Edinburgh on the 
appointment of his father, the late Professor David Masson, to the Regius 
Chair of English in the University. After four years’ school education 
at the Edinburgh Academy he became, at the age of 15, a matriculated 
student of the University in the Faculty of Arts, and during the succeed¬ 
ing four years, besides taking other classes, he attended those of Mathe¬ 
matics with Kelland, Greek with Blackie, Natural Philosophy with Tait, 
and Chemistry with Crum Brown, and he received various class honours. 
He obtained the degrees of M.A. in 1877, B.Sc. in 1880, and D.Sc. in 
1884, his thesis for the latter degree being entitled ‘*The Nitrous and 
Nitric Ethers of Glyceryl.'* He was appointed to the Chair of Chemistry 
in the University of Melbourne in 1886. 

After obtaining his degree in science he spent some time at Gottingen 
with Wohler and Hiibner, and was for a short period an assistant with 
Professor William Ramsay at Bristol. Thereafter he returned to Edin¬ 
burgh, where he remained for about four years. This ante-Melbourne 
period was characterised by much youthful ardour and general buoyancy 
of spirits, which found congenial outlets in connection with the Tercentenary 
Celebrations of Edinburgh University, and in enthusiastic activity inci¬ 
dental to the founding of the Students' Representative Council and the 
Students’ Union. Side by side with these various interests Masson 
carried on chemical research work in Crum Brown’s laboratory, partly 
in collaboration and partly on subjects chosen by himself. The present 
writer possesses, bottled and labelled, specimen products of the former, 
and carries on his brow some indelible records of the latter that were 
conspicuously visible for more than a year and are still recognisable after 
fifty years. In retrospect upon this period, fadeless memories present 
themselves of a genial friendship associated with a charm of manner and 
a grace of diction that are seldom surpassed. 

Shortly before leaving for Australia, Masson was married to Miss 
Mary Struthers, second daughter of Professor Sir John Struthers, M.D., 
of Aberdeen. 

(See Obituary Notices of the Fellows of the Royal Society, vol. ii, 

1936-38, pp. 4 SS- 464 -) 


L. D. 
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William Carstairs Reid, M.Inst.C.E. 

Mr William Carstairs Reid, M.Inst.C.E., died on October 29, 1937. 
At the time of his death he was Senior Partner of Messrs J. & A. Leslie 
& Reid, C.E., which firm for nearly one hundred years has been respon¬ 
sible for the construction of many important engineering works in 
Scotland, chiefly in connection with Water Supplies. 

Mr Reid^s grandfather, the late Mr James Leslie, acted as Engineer 
for the Edinburgh Water Company, and in that capacity constructed 
the North Pentland Reservoirs. Mr Reid's father, the late Mr Robert 
Carstairs Reid, as a partner in the firm, took a leading part in the design 
and construction of the Moorfoot Scheme, which involved the construction 
of four large reservoirs. 

Mr William Carstairs Reid attended Engineering Classes at the 
University of Edinburgh, and after an office training acted as Resident 
Engineer on the construction of Talla Water Works, the largest of the 
schemes for supplying water to Edinburgh. Mr Reid was assumed as 
a partner in the firm in 1905, shortly after the completion of the Talla 
Works. He was associated with the Edinburgh Water Undertaking 
for nearly forty years, and for over twenty-five years represented his firm 
in acting as Engineer of the Edinburgh Water Undertaking. This 
period saw great expansion of the city, and many important extensions 
of the Water Works were carried out under Mr Reid's direction involving 
an expenditure of nearly one million pounds. 

Mr Reid was frequently consulted by other Water Authorities 
throughout Scotland and was also called upon to act as arbiter in many 
important cases. He had an extensive knowledge of Waterworks 
Administration and Law, and in the consolidation of the Edinburgh 
Water Acts into the Edinburgh Corporation Order 1924 he assisted the 
town very extensively in compiling this Order. 

While Mr Reid was a partner, the firm of Messrs Leslie & Reid 
carried out many Water Schemes, of which those in connection with the 
Kirkcaldy District of Fife, Bathgate District of West Lothian, and 
Stirlingshire and Falkirk were the most important and involved 
expenditure of over £ 1,200,000, 

Mr Reid was unmarried. He was much liked by a large circle of 
friends and employees with whom he came in contact. His principal 
recreations were fishing and golf. 

He was elected a Fellow of this Society in 1924. 

P. B. G. 
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Hon. Alexander William RobertSi D.Sc., F.R.A.S. 

Alexand^jr William Roberts was born at Farr, in Sutherland, 
of a crofter family, on December 4, 1858. His father was of Irish 
extraction, but on the maternal side he claimed descent from the Gordons 
of Huntly. His parents came south in 1864 and settled in Leith. A 
“lad o* pairts,” Roberts was destined for the teaching profession and 
received his education at Moray House, then the Free Church College 
for the training of teachers, and at the Heriot-Watt College. From 
boyhood he had been keenly interested in astronomy, and in 1878 he 
applied to Piazzi Smyth, then Astronomer Royal for Scotland, for an 
assistantship in the Royal Observatory. Piazzi Smyth for some reason 
or other dissuaded him from adopting the career of a professional 
astronomer, and he accepted a teaching appointment at Wick. Three 
years later he returned to Edinburgh and entered the University, In 
1883 he accepted a post on the teaching staff of the Free Church Mission 
College at Lovedale, Cape Colony, which position he retained for many 
years. He was a devoted missionary teacher, and became a recognised 
authority on native questions. His appointment as a Senator of the 
Union of South Africa was in itself a tribute to his wide knowledge of 
affairs and also to Lovedale College. 

Throughout his strenuous career Roberts retained his early love for 
astronomy. Soon after he settled at Lovedale he began observation of 
the southern skies. He erected a small private observatory, and in 1891 
commenced a systematic search for variable stars, which was rewarded 
within four years by twenty discoveries. Later he concentrated on the 
study of eclipsing variables, more especially RR Centauri, one of his 
own discoveries, and V Puppis. Roberts was a pioneer in the study of 
eclipsing variables, and from the light-curves of these two stars he 
succeeded in getting approximate elements of their orbits, masses and 
densities. Roberts was a visual observer only, working with neither 
spectroscopic, photometric or photographic aid, and his friend Sir David 
Gill did not exaggerate when he said that he knew “few instances of more 
successful devotion of small means and limited opportunity to the 
attainment of great scientific ends than the work of Dr Roberts.“ The 
exceltence of his work was recognised by the degree of Doctor of Science 
conferred by the Cape University. 

Roberts was a man of varied interests and charming personality. 
He was elected a Fellow of this Society in 1898, and died at Alice, Cape 
Observatory, on January 27, 1938, in his eightieth year. 

H, M. 
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David Alan Stevenson, B,Sc., M.Inst.C.E. 

David Alan Stevenson, eldest son of David Stevenson, B,Sc., 
M.Inst.C.E. (1815-86), was born in Edinburgh on July 21, 1854, He 
was educated at the Edinburgh Academy and the University of Edin¬ 
burgh, where he graduated B.Sc. in Engineering in 1875. A fellow- 
student was the late Principal Sir James Alfred Ewing. It was while 
staying at North Berwick in his boyhood days that he and his cousin, 
Robert Louis Stevenson, rambled over the Bents’’ as far as Archer- 
field Summer House, the venue of The Pavilion on the Links which 
L. S.” inscribed to him “in memory of days near Fidra.” It was 
here also, in Mr Stevenson’s own words, that “in dark evenings we 
wandered about with lanterns, burning our fingers and polluting the 
atmosphere with the smell of burnt oil and hot metal,” which episodes 
are described in The Lantern Bearers. 

He was initiated into practical engineering by visiting various works 
in progress, including Anstruther Harbour and Dhu Heartach Light¬ 
house. His pupilage was served in the office of his father and his unde 
Thomas Stevenson. In 1877 he visited the United States and Canada 
for the purpose of studying the principal engineering works of these 
countries. 

In 1885 Mr Stevenson was appointed joint Engineer to the Com¬ 
missioners of Northern Lighthouses with his uncle, and on the death of 
the latter in 1887 he was appointed sole Engineer to the Commissioners. 
During his tenure of office he was responsible for the design and construc¬ 
tion of 24 lighthouses, 48 fog-signal installations, 33 of which were 
powerful sirens, one manned light-vessel, 4 unmanned iight-vessels, 
75 unattended minor lights and numerous beacons and buoys on and 
around the coasts of Scotland and the Isle of Man. There have also 
been established 7 radio beacons, and 16 isolated lighthouse stations, 
have been equipped with wireless telephones. Among the lighthouses, 
special mention may be made of Sule Skerry, Flannan Islands, Bass 
Rock, Oigh Sgeir, Stroma, and Rattray Head, all works presenting 
difficulties requiring the exercise of sound judgment and engineering 
skill. The two fog-signals on Ailsa Craig (1886) were the first to be 
operated at long distances from the power source and the attendants/ 
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and Rattray Head (1896) was the first instance of a first-class siren fog- 
stgnal being installed in a rock lighthouse. As far back as 1898, when 
Flannan Islands Lighthouse was being built, he gave serious thought to 
the possibility of maintaining communication with the shore by means 
of wireless telegraphy, and in 1904 he was considering the possibility 
of employing wireless for warning shipping during fog. 

In 1883 Mr Joseph Chamberlain, then President of the Board of Trade, 
was interested in a discussion that was going on as to whether oil, gas, or 
electricity was the best illuminant for lighthouses, and he had an inter¬ 
view on this subject with Mr Stevenson, acting for Mr Thomas Stevenson. 
An electric light was subsequently installed at the Isle of May. To the 
Institution of Mechanical Engineers he, in 1887, read a paper giving an 
account of this electric light installation. 

The firm of D. & C. Stevenson, of which Mr Stevenson was senior 
partner, was founded by his grandfather, Robert Stevenson, in 1785. 
Their advice was much sought in connection with River Improvement 
and Harbour Works in this and other countries. They acted as Engineers 
to the Clyde Lighthouses Trustees and were Consulting Engineers to 
several Colonial and Foreign Lighthouse Authorities. Mr Stevenson, 
in conjunction with his brother, introduced many important improve¬ 
ments into the lighting and fog-signalling of our coasts. 

His firm was employed in connection with a project to connect the 
Forth and the Clyde by a ship-canal. They recommended the route by 
Loch Lomond, and Parliamentary plans were prepared, but the promoters 
felt they could not proceed without Government assistance. It was this 
scheme which the Government of the day (1909) and the Defence Com¬ 
mittee considered was the only one that they might assist finaitcially. 
Among the many notable works carried out by his firm, mention may be 
made of an unattended lighthouse with a powerful siren fog-signal on a 
low-lying rock named Platte Foug^re near the entrance to St Peter Port, 
Guernsey, completed in 1910. The air compressors on the rock tower 
are operated by electric motors, the current being supplied from the shore 
station at Doyle Fort, distant mile, by means of a submarine cable. 

Mr Stevenson was extra-mural examiner in Engineering at the 
University of Edinburgh for the period 1894-97. He was elected a 
corporate Member of the Institution of Civil Engineers in 1884. He 
was also a member of the Royal Scottish Society of Arts, the Highland 
and Agricultural Society and the Royal Meteorological Society. He 
contributed papers on engineering and scientific subjects to numerous 
Societies and Congresses, and for one on the building of Dhu Heartach 
Ligh&oiM6e, read before the Institu^ Civil Engineers in 1876, he was 
tyiu, yAax i9 
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awarded the Manby Premium. In 1886 he, in conjunction with his 
brother, revised and edited the 3rd edition of David Stevenson's Canal 
and River Engineering, 

He gave evidence on several important engineering matters before 
Royal Commissions, Parliamentary Committees, and in the Law Courts, 
and took part in various investigations in connection with optical and 
acoustical problems. 

On Mr Stevenson's retirement on March 31, 1938, the Commissioners 
of Northern Lighthouses put on record their appreciation of the invaluable 
services rendered by him during his long term of office as their Engineer, 
and the Trinity House, London, wrote expressing their thanks for his 
ready help and co-operation in solving the many lighthouse problems 
which had arisen in his day, and congratulated him on the advances he 
made and helped to make in lighthouse technique. A letter of apprecia¬ 
tion was also received by him from the Board of Trade. 

For fifty-four years he was a Director of the Scottish Equitable Life 
Assurance Society. A keen golfer, he was a member of several golf 
clubs, including the “Honourable Company of Edinburgh Golfers," 
the “Royal and Ancient," and the “New Club," North Berwick, of 
which last he was Captain for a period of three years. He was also a 
Member of the Royal Company of Archers, having joined in 1876, and 
was present on many of the occasions when they acted as Bodyguard in 
Scotland to Queen Victoria, King Edward VII, and King George V. 

In 1882 he married a daughter of the late Mr William Roberts of 
Beckenham, a cousin of Lord Roberts. 

He died at his residence “Troqueer," Kingsknowe, Edinburgh, on 
April n, 1938, and is survived by his wife and two daughters, Mrs Peploc 
(D. E. Stevenson) and Mrs Chambers. During the last year of his life 
he had been in indifferent health, but only became confined to his room 
a few days after his retirement from business. Mr Stevenson was held 
in high respect by all with whom he had business relations. 

He was elected a Fellow of the Society in 1884 and served on the 
Council from 1928-31. 

J. D. G. 
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John Edward Touche, M.I.Mech*E. 

John Edward Touche was born in 1855. He was the son of an Edin¬ 
burgh banker, and was the grandson and great-grandson of the Scottish 
manse. He served the usual apprenticeship as a mechanical engineer 
with a Leith firm, thereafter practically all his professional career was 
spent abroad, at first in Australia and New Zealand, but later in the 
United States of America, he being for twenty-five years connected with 
the Otis Steel Company of Cleveland, Ohio. 

Mr Touche had a highly successful career as a mechanical engineer, 
and was a Member of the Institution of Mechanical Engineers. Eventu¬ 
ally he was able to retire from the active pursuits of his profession and 
settle in his native city and devote himself to other interests which had 
occupied his spare time while he was still actively engaged in important 
engineering projects. He was particularly interested in geographical 
problems and especially in maps and their production. Through his 
generosity in providing the necessary funds, the Royal Scottish Geo¬ 
graphical Society was able to publish on an extensive scale in 1934— 
the year of the Society's jubilee —The Early Maps of Scotland, a very 
important piece of work and of great value to Scottish geographical 
records. ^ 

Mr Touche had travelled widely, and his long residence in the United 
States of America had given him an exceptionally intimate knowledge of 
the development of engineering in all its branches in that country. He 
maintained a deep interest until his death in modern methods of the 
manufacture of steel alloys. He was a man with wide interests, and always 
took an active share in the scientific and religious life of Edinburgh. He 
was extremely generous and gave freely from the fortune which he had 
accumulated by his hard work in his earlier years to any good cause 
brought to his notice. He was a man of great kindliness of character, 
with all the old-fashioned courtesy so characteristic of the period of his 
active career. He was elected a Fellow of the Society in 1935. He died 
on June 9, 1938, at his residence in Blackford Road, Edinburgh. 

T. H. B. 
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Sir David Percival Dalbreck Wilkie, M.D., 

Ch.M., F.R.C.S. 

Sir David Wilkie was a son of Angus. Fifty-six years ago he was 
born in Kirriemuir. At the time of his death, although comparatively 
young in years, he had already established for himself an international 
reputation as a surgeon, and was recognised as one of the leaders in 
medicine in this country. A number of factors combined to bring this 
about: he possessed a personality endowed with an unconscious charm, 
so that anyone who once came under its sway became thereafter a willing 
recruit in his service. This charm was enhanced by a voice that when 
used in private conversation, in the lecture theatre, or through the 
microphone over the wireless was always a pleasure to listen to, and carried 
the stamp of simple sincerity and sound conviction. 

His school days were spent at the Edinburgh Academy, after which 
he became a student of medicine of Edinburgh University. He graduated' 
in 1904, and although his record was creditable, it did not so far reveal 
promise of that brilliancy that later years brought forth. 

Wilkie took naturally to surgery as his life’s work, drawn to it as 
work where heroic remedies were used that required delicacy of judgment 
and delicacy of touch to restore the patient to health again. 

Professor F. M. Caird and Sir Harold Stiles found in him an apt 
pupil and set his feet firmly on the ladder of success. The many practical 
problems revealed at the bedside, in the wards, and in the operating theatre, 
which dealt with the comfort, the speed of cure, or even the life of the 
patient that called for a solution, at once raised in Wilkie the devoted 
spirit of the research scholar, and to find an answer to these he enrolled 
as a worker in the Royal College of Physicians’ Laboratory. The cause 
of appendicitis was investigated, as also were the prevention and cure 
of peritonitis, and that deadly disease, acute intestinal obstruction, he 
studied by experimental research. The brilliancy with which these, 
problems were investigated, the lucid and accurate way in which the 
results were set forth, at once drew the attention of the medical world 
to the fact that again in the Edinburgh Medical School another lamp 
was lit, another star had risen. 

It was now but a short step to England, France, and the continent 
of North America. 



Sir David Percival Dalbnck Wilkie, 285 

Already a Fellow of the Royal College of Surgeons of Edinburgh, 
he now became a Fellow of the Royal College of Surgeons of England. 
He was appointed a corresponding member of the French Academy 
of Surgery, and on one of his visits to America he was elected an Honorary 
Fellow of the American College of Surgeons, and delivered the Annual 
Murphy Oration to the Fellows of that college. 

In 1924 he succeeded Alexis Thomson as Professor of Surgery in the 
University of Edinburgh, when, following his natural inclination, he at 
once founded the Research Laboratory attached to that department. To 
these laboratories there were attracted many young research workers 
from home and abroad. 

On shoulders broad and willing, but never very robust, there was 
now placed a steadily increasing burden: the claims of a systematic 
chair, the direction of a research department, the duties of a clinical 
charge, and a most exacting private practice occupied fully his entire 
working day. To these there were added claims from London, when 
he was called upon to serve as a member of the Medical Research Council, 
on the Advisory Board of the Army Medical Staff, and the Scientific 
Advisory Committee of the British Empire Cancer Campaign. These 
appointments necessitated frequent journeys to London, and, in addition, 
he was called upon to address many medical meetings in the provinces. 

Perhaps it was the discipline of the navy that Wilkie acquired when 
serving during the War as a Surgeon Commander in the Royal Naval 
Volunteer Reserve that led to his ready acceptance of these many calls 
on his time, or possibly his inability to refuse requests for help that 
explained his assumption of this staggering load. Under its weight 
more than once he broke down, but quickly recovered after a short rest, 
but at last the dread ailment, in the cure of which he had given a lifers 
study, seized him, and after a gallant and courageous effort he finally 
acknowledged defeat: 

** Under the wide and starry sky. 

Dig the grave and let me lie. 

Glad did I live and gladly die, 

And I laid me down with a will. 

This be the verse you grave for me: 

Here he lies where he longed to be, 

Home is the sailor, home from the sea, 

And the hunter home from the hill/^ 

He was elected a Fellow of this Society in 1925, and died on August 28, 
1938. H. W. 
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Obituary Notices. 


Malcolm James Rowley Dunstan, M.A,, late Professor 

of Agriculture, University of Bristol, was born on August 19, 1863, and 
educated at Bedford Grammar School, St Paul's School, and Merton 
College, Oxford, He was Director of the Midland Agricultural and 
Dairy Institute (i896“i902); Director of Technical Instruction, Notts 
County Council (i89i-'i902); Principal of the South-Eastern Agricultural 
College, Wye, Kent (1902-1922); and Principal of the Royal Agricultural 
College, Cirencester (1922-1927), 

He was elected a Fellow of this Society in 1892 and died on May 28, 

1938- 

Robert Black Thomson, M,B., Ch.B. (Edin,), formerly Professor 
of Anatomy, University of Cape Town, was elected a Fellow of this 
Society in 1912, and contributed a valuable paper to its Transactions 
(1909) on ‘‘The Osteology of Antarctic Seals (Scottish National Antarctic 
Expedition, 1902-1904)." 

He died on December 17, 1937, at Aliwal North, Cape Province. 
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PROCEEDINGS OF THE STATUTORY GENERAL 

MEETING 

Beginning the xssth Session, 1937-1938. 


At the Statutory General Meeting, held in the Society’s Rooms, 24 George Street, on Monday, 
October 25, 1937, at 4.30 P.M. 

Professor Sir D’Arcy Wentworth Thompson, President, in the Chair. 

The Minutes of the Statutory Meeting held on October 26, 1936, were read, approved, and 
signed. 

The President nominated as Scrutineers, for the election of Office-Bearers and Council, Mr 
Thomas Rowatt and Mr W. J. M, Menzies. 

The President, before proceeding to the Ballot, requested the Fellows, sulyect to their approval, 
to substitute the name of Dr G. W. Tyrrell on the Balloting List for that of Principal 
O. Charnock Bradley, who had withdrawn his name. 

The Ballot was then taken. 

The General Secretary submitted the following report 1— 


GENERAL SECRETARY’S REPORT, OCTOBER 25, 1937. 


The following Address was sent to His Majesty King George VI, on His Accession to the 
Throne:— 


To THf 5 


KING’S MOST EXCELLENT MAJESTY 


May it please Your Majesty, 

We, the President and Fellows of the Royal Society of Edinburgh, tender to Your Majesty 
our loyal devotion to the Throne, 

We recall with pleasure that Your Majesty as Duke of York accepted the Honorary Fellowship 
of our Society, and we express our gratitude that Your Majesty has been graciously pleased to 
continue the Sovereign’s Patronage of the Society. 

We earnestly hope that Your Majesty may long be spared to rule over a peaceful, prosperous, 
and happy nation, and that every blessing may attend Your Majesty, Her Majesty the Queen, 
and the Royal Princesses. 

(Signed) D’ARCY W. THOMPSON, President, 
JAMES KENDALL, Secretary, 

January 1937. 


An acknowledgment of the Address was received from the Secretary of State for Scotland. 

The Society was represented at the Proclanmtion of His Majesty King George VI, at the 
Market Cross of Edinburgh, on December 14, 1936, by Lt.-Col. A, G. McKendrick, Dr James 
Watt, Dr A. C. Aitkkn, and Professor James Kendall, 

The President represented the Society at the Coronation of Their Majesties in Westminster 
Abbey on Wednesday, May 12, 1937. 

The Society was ^o represented at the Coronation Service in St Giles’ Cathedral on that day, 

A communication was received from the Keeper of the Privy Purse stating that His Majesty 
is pleased to intimate to those Societies and Institutions which were recently granted Patronage 
by King Edward VIII, that they may continue to show the Sovereign as their Patron during 
His Reign,” 

His Majesty was graciously pleased to sign the Roll of Fellows as an Honorary Fellow (Elected 
M^ch J 954 )» Patron of the Society, on July 7, 1937, when His Majesty was in 

residence at Palace of Holyroodhouse. 

Daring the session three Addresses have been given by request of the Council: on January 11, 
X937, ^ F- Fraser Darling, on Observations on Animal Sociality”; on February i, 1937, 
by fedfesBor James Kendall, on ”Ions and Isotopes”; and cm June 7 » * 937 i in terms of the 
BRUCE-PRELLER LECTURE FUND, by Professor H. S. Taylor, on ” Heavy Hydro^ 
in Sdentidc Research/’ On July 5,1937, Professor C. O, Darwin opened a discussion on “The 
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Origin of the Laws of Nature," which was taken part in by Professor W* H* McCrea, Professor 
E, T. Whittaker, Professor Max Born, and Mr W. A. Sinclair, Department of P^losophy, 
University of Edinburgh, Professor Kendall^s Address was published in the JProctedmgs of 
the Society, vol. 57, 1937, pp. 182-193. 

33 papers were read, as compared with 21 in the previous session. The papers were in the 
following subjects: Mathematics, 8; Physics, 2; Geology, 2; Palaeontology, a; Botany, 4; 
Zoology, 8; Animal Genetics, 6; and Anatomy, 1. 34 papers have been published in the 
Proceedings and 8 in the Transactions. 7 papers have b^n withdrawn, and several papers are 
still under the consideration of the Council. 

The Society has lost by death 24 Fellows and 6 Honorary Fellows. 40 Fellows and 3 Foreign 
and 2 British Honorary Fellows were elected. 

Invitations were received and the Society was or will be represented as follows on the occasions 
mentioned:— 

1. Centenary of the Army Medical Library, Washington, November 16, 1936. Lt.-Col. 

Edgar Erskine Hume. 

2. 150th Anniversary of the College of Physicians of Philadelphia, May 14,1937. Letter sent, 

3. Lord High Commissioners Levee at the Palace of Holyroodhouse, May 19, 1937. Three 

Vice-Presidents and three Members of Council, 

4. 250th Anniversary of the Foundation of the K. Leopold Carolintsch d. Deutsche Akademie 

d. Naturforscher, Halle a Saale, May 2S-29, 1937, Letter sent. 

5. Inauguration of the Pontifical Academy of Sciences, Citta Vaticana, May 31, 1937. 

Engrossed letter sent. 

6. 23rd Annual Conference of the National Association for the Prevention of Tuberculosis, 

Bristol, July 1-3, 1937. Professor Sir Robert Philip, 

7. Jubilee of the Buchan Club, Peterhead, August 7, 1937. Professor James Ritchie and 

Dr A. Brbmnbr, 

8. Congris Mondial dela Documentation Universelle, Paris. Aofit i6''2i, 1937. Professor 

M. Caullery was asked, but could not be present. A letter was sent, 

9. International Congress of Geology (XVII) Session, Moscow, July to September 1937. 

Dr G. W, Tyrrell, 

10. 150th Anniversary of the Birth of J, E. Purkyke, Prague, September 24-28, 1937; 

Letter sent, 

XI. Reunion Internationale de Physique de Chemie et Biologie, Paris, September 30 to 

October 7, 1937. Professor Marckllin Boule, Hon. F.R.S.E, 

12. 200th Anniversary of the Birth of Luiai Galvani, University and City of Bologna, 

October 1937. President attended and presented an Address. 

13. Semi-Jubilee of the Edinburgh Workers' Educational Association at Newbattle Abbey 

College, October 23, 1937, Dr J, Donald Pollock. 

14. International Congress of Geography, Amsterdam, July 18-28, 1938. Professor Alan 

G, Ooilvib. 

The undemoted were appointed by the Council to fill vacancies in the Society's representation 
on the following British National Committees:— 

Astronomy . . .Sir Frank Dyson. 

Biology . . . Professor J. Ritchie. 

Geodesy and Geophysics Sir John Flett. 

Geography , . . Mr J. Bartholomew. 

Physics . , . Professor J. A. Carroll. 

Scientific Radio , . Emeritus Professor C. T. R. Wilson. 

Dr A. Crichton Mitchell was re-appointed to serve as the Society's representative on the 
Governing Body of the Heriot-Watt College for three years as from January 1, 1937, 

Dr L. Dobbin represented the Society at a Conference in the Rooms of the Royal Society of 
London, on December 15, 1936, to discuss the Question of a Standard System of Bibliographical 
References and Abbreviations to be used in Scientific Publications. 

Professor F. A. E, Crew was appointed by the Council to succeed the late Professor D. F. 
Fraser-Harris as the representative of the Society on the Leonard Darwin Studentship Com¬ 
mittee of the Eugenics Society, London. 

Professor T. J. Mackib was reappointed os the joint representative of the University of 
Edinburgh and the Society on the India Ofilce Consultative Committee to assist ih questions 
connected with the recruitment of medical research workers for service in India, for three years, 
as from February 24, 1936. 

Professor J. Walton was appointed as the Society's representative on the Scientific and 
Technical Committee of the Empire Exhibition, Scotlam, 1938. 

Dr A. LAHBeBOROUCH -Thomson was appointed to act as a representative of the Society^ 
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with Professor James Ritchie, on the British Section of the International Committee for the 
Preservation of Birds, in succession to Professor J, Graham Kbre, who resigned. 

Dr D. A, Baknrrman (British Museum, Natural History), through our representatives, was 
appointed to represent the Society at the meeting of the European Continental Section of the 
International Committee for the Preservation of Birds, in Vienna, from July 3 to 6, 1937. 

A Committee was appointed to make arrangements jointly with the Edinburgh Mathematical 
Society for the Celebration of the Tercentenary of James Gregory in July 1938, 

During the session the sum of j^30o was expended on the binding of books in the Library. 
Arrears o? binding are being gradually overtaken. 

The oil portraits in the possession of the Society have been cleaned and renovated by an 
expert tmder the eye of Mr Stanley Cursiter, O.B.E., R.S.A., Director of the National 
Gdleries of Scotland. 

The GUNNING VICTORIA JUBILEE PRIZE (1932-1936) was presented to Professor 
C. G. Darwin, Master of Christ*s College, Cambridge, and formerly Tait Professor of Natural 
Philosophy in the University of Edinburgh, for his distinguished contributions in mathematical 
physics; and the MAKDOUGALL-BRISBANE PRIZE (1934-1936) to Dr E. M. Anderson, 
formerly of H.M. Geological Survey (Scotland), for his paper on The Dynamics of the Formation 
of Cone-sheets, Ring*dykes, and Caldron-subsidences,“ published in the Society's Proceedings 
within the period of the award. 

The acknowledgments of the Society ore due to the Carnegie Trust for the Universities of 
Scotland for grants to authors towards the cost of illustrations, tabular matter, etc., of papers 
published in the Transactions and Proceedings^ amounting to 9s. iid.; to (^een*s 

University,' Belfast, for a grant of £1$ towards the publication of Professor J. Small's joint 
paper in the Proceedings*^ to Btrkbeck College, London, for £% towards the cost of the illustra' 
tions of Dr Vera Fretter's paper in the Transactions \ and for ^300 received from the Royal 
Society of London, from the Government Publication Grant, in aid of the cost of the Society's 
publications for the session 1936-1937. 


Treasurer’s Report:— 


The Treasurer, in submitting the Accounts for the post year, mentioned briefly the leading 
items of Receipts and Expenditure and compared them with those of the previous year. He 
stated that a sum of £200^ set aside in the Accounts for the session 1934-35» had now been 
absorbed. He indicated that the financial position of the Society was satisfactory. 


Dr R. A. Fleming moved the adoption of the reports, and the reappointment of Messrs 
Lindsay, Jamieson & Haldane, C.A., as auditors for the ensuing session. The meeting 
approved. 


The Scrutineers reported that the Ballot Papers were in order, and the President declared 
that the following Office-Bearers and Members of Council had been duly elected:— 

Professor Sir D’Arcy W. Thompson, Kt, C.B., D.Litt., Hon. D.Sc., LL.D., F.R.S., 
President. 


Vice-Presidents. 


Professor F. A. E. Crew, M.D., D.Sc., Ph.D. 

Lt.-Col. A. G. McKendrick, M.B., D.Sc., F.R.C.P.E. 

Principal J, C. Smail, O.B.E., Companion Inst.E.E. 

Professor J. Walton, M.A., D.Sc. 

James Watt, W.S., LL.D. 

Professor E. T. Whittaker, M.A., Hon. Sc.p., LL.D., F.R.S. j 
Professor James P. Kendall, M.A., D.Sc., F.R.S., General Secretary. 
Alexander C. Aitkbn, M.A., D.Sc., F.R.S.\ 

Charles H. O’Dohoohue, D.Sc. / S««etarie. to Ordinary Meehngs. 

E, Maclagan Wedderburh, O.B.E., D.K.S., M.A., D.Sc., Treasurer. 

Leonard Dobbin, Ph.D., Curator of Library and Museum, 


MEMBERS OF COUNCIL. 


Edwin BramWell, M.D., LL.D., F.R.C.P. 
Lond, and Edin. 

Emeritus Professor T. H. Bryce, M A., M.D., 
LL,a,F.R.S, 

Professor I. DB Burgh Daly, M.A., M.D., 

B.Ch. 

John Alexander Inolis, K.C., M.A., 
LL,B. 

Professor A. D. Peacock, D.Sc. 

John E. Mackenzie, D.Sc. 


Professor Sydney Smith, M.D., F.R.C.P., 
D.P.H. 

Emeritus Professor Ralph Stockman, M.D., 
LL.D,, F.R.C.P.E. 

Professor Lancelot T. Hooben, M.A., 
D.Sc., F.R.S. 

Professor James Ritchie, M.A., D.Sc. 

G. W. Tyrrell, A.R.C.S., D.Sc,, F.O.S. 
Emeritus Professor C. T. R* Wilson, C,H., 
M.A., D.Sc., LL.D., FaR.S. 


The Scrurineers were thanked for their services. 
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Appmdix, 


The President paid a tribute to the valuable services rendered to the Society by Dr JAMES 
Watt, who had retired bv rotation after eleven years service as Treasurer, and who uiat day had 
been elected a Vice-Presiaent, 

The retiring Office-Bearers and Members of Council were also warmly thanked for their 
services. 

The President, Emeritus Professor C. T. R. Wilson, and Professor Max Born spoke in 
high appreciation of the scientific achievements of the late Lord Rutherford of Nelson, and 
expressed the Society’s sorrow at his untimely death. It was agreed that a minute of appreciation 
and condolence should be sent by the Council to Lady Rutherford. 

In presenting the BRUCE PRIZE (1936) to Mr JAMES WILLIAM SLESSER MARR, 
the President said:— 

A Committee consistirkg of representatives of the Royal Society of Kdlaburfb. tbe Ro3ral Rbyslcal 
Society end tbe Royal Scottieh Ge^aphical S^ety, tias awar^ the DR W. S. BRUCB MraORlAL 
PRIZE <1936} to Mr Jamss W. S. MAiut, M.A.^ B.sc., who first went to Polar Regions with Sir Ernest 
Shackleton In the Quasi in 1931, sailing as a Boy Scout. On Sbackleton's death the Expedition con¬ 
tinued under Commander Wonley into the Weddell Sea. Mass next sailed with Commander Woriley 
in 1925 to ^tsbergen and White Island in the Algarsson Expedition. In rpsy he joined the tiafl of 
the R.R.S. ZAsconsfy; and since then, with brief intervals at home, he has spent bis time in the Southern 
Ocean, partly in the old Discovery and partly in Discovery 11 , From 1929 to 1931 he was In Discovery 
when she was lent to Sir Douglas Mawson for the Biitlsh-Australian''New Zealand Expedition which 
found many new stretches of the coast-line of Antarctica. In November 1935 Majui published in the 
** Discovery^* Reports a monograph on the South Orkney Islands, which greatly extended the original 
reaearobes of Dr w. S. Brucx on that Antarctic Group, lie has recently returned from another Antsurotitt 
voyage In Discovery It. 

The President then called upon Mr Marr to deliver his Address on Antarctic Surveys: 
The,Work of the * Discovery’ Investigations.” 

The President, in name of the Society, cordially thanked Mr Marr for his Address. 



Meetings of the Society, 


293 


PROCEEDINGS OF THE ORDINARY MEETINGS, 
Session 2937-38. 

FIRST ORDINARY MEETING. 

Monday, Notfemhor 8, 1937. 

Sir D’Arcy Wentworth Thompson, President, in the Chair. 

The Minutes of the previous Ordinary Meeting were taken as read, and signed. 

The General Secretary read a minute of appreciation of the late Rt. Hoti. Lord Rutherford 
of Nelson, 

The following Communications were submitted:— 

1. The Sex Ratio of the Domestic Fowl and its bearing upon the Sex Linked Lethal Theory 
of Differential Mortality, By Professor F. A. E. Crew, M.D., D.Sc. Proc,, vol. 58, pp. 73-79. 

2. Factors affecting the Hatching Weight of Brown Leghorn Chickens, By Miss Nancy 
Galpin, M.Sc.j D.Sc. Communicated by Dr A. W, Greenwood. Ptqc,, voL 58, pp. 98-113. 

3. Gynandromorphism and Lateral Asymmetry in Birds. By Professor F. A. E. CkBW, 
M.D., D.Sc., and Mr S. S, MuNRO, B.S.A., M.S. Proe,, vol. 58, pp. 114-134. 


SECOND ORDINARY MEETING. 

Monday, December 1937. 

Sir D'Arcy Wentworth Thompson, President, in the Chair, 

The Minutes of the previous Ordinary Meeting were taken as read, and signed. 

At the request of the Council an address was delivered by Dr H. J. Bhabha on “ The Produc¬ 
tion of Electron Showers by Cosmic Rays.” 

^he following Communications were submitted:— 

1. The Decline of the Birth-rate: Regularities revealed by an Analysis of the Rates observed 
in certain European Countries, By R, S. Barclay, B.Sc., and W. O. Kermack, D.Sc., LL.D. 
Proo,, vol. 58, pp. 55-72- 

Read by Title:— 

Quantitative Evolution: IV.—Deductions from the BAT Curve. V.—The Free and 
Apparent Dp-ages of Composite. VL—^Further Deductions from the BAT Curve. By Pro¬ 
fessor J. Small, D.Sc. vol. $ 8 , pp. 14-54* 

3. Induction Proofs of the Relations between certain Asymptotic Expansions and Corre- 
spoi^ing Generaliaed Hypergeometric Functions. By Professor T. M. MacRobsrt, D.Sc, 
Proc,, vol. 58, pp. 1-13. 


THIRD ORDINARY MEETING. 

Monday t January 10, 1938. 

Sir D^Arcy Wentworth Thompson, President, in the Chair. 

The Minutes of the previous Ordinary Meeting were taken as read, and rigned* 
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The following Communications were submitted:— 

t. The Hairs of the Monotremata, with special reference to their Cuticular Scale Pattern. 
By A. B. WiLDMAN and S. Manby. Communicated by Professor J. RxTCHiBf D.Sc. TVaar., 
vol. 59, pp. 333-349. 

2. The Structure and Function of the Alimentary Canal of iColid Molluscs, with a Discussion 
on their Nematocysts. By A. Graham, M.A., B.Sc. Communicated by Dr C. H. 
O'Donoohue. Trcms.y vol. 59, pp, 267-307. 

3. On some Undescribed Species from the Lower Carboniferous Flora of Berwickshire; 
together with a Note on the Genus Stenomyelon Kidston. By Mary G, Caider, B.Sc., Ph.D. 
Communicated by Professor J. Walton, D.Sc. Trans.^ vol. 59, pp. 309-331. 

Read by Title:— 

4. Studies on Reproduction in the Albino Mouse. I,—The Period of Gestation and the 
Time of Parturition. By Professor Hugo Merton. Communicated by Professor F. A. E. 
Crew, M.D., D.Sc. Proc.^ vol. 58, pp. 80-97. 


FOURTH ORDINARY MEETING. 

Monday^ February 7, 1938. 

Sir D’Arcy Wentworth Thompson, President, in the Chair. 

The Minutes of the previous Ordinary Meeting were taken as read, and signed. 

At the request of the Council Dr G. W. Tyrrell, A.R.C.Sc., F.G.S., delivered an address on 
“Geology in the U.S.S.R.“ (an account of the Seventeenth International Geological Congress, 
Moscow, i 937 > and of Excursions to Karelia, Kola, and Siberia). 


FIFTH ORDINARY MEETING. 

March 7, 1938. 

Sir D'Arcy Wentworth Thompson, President, in the Chair. 

The Minutes of the previous Ordinary Meeting were taken as read, and signed. 

The Ballot for the election of Ordinary Fellows then took place. The President nominated 
Mr R. T. Skinner and Professor W, T. Gordon as Scrutineers. The following gentlemen 
were declared duly elected:— 

Charles Henry William Gatacre Anderson, Paul Bacsich, David Armitage Ban- 
NERMAN, Alexander William Morton Beveridge, Geoffrey Bernard Brook, Charles 
Augustus Carlow, Sir Iain Colquhoun, Martin Melvin Cruickshank, Stanley 
CuRSiTER, John Michael Dewar, Norman McOmish Dorr, The Rt. Hon. Lord Elphin- 
STONE, Charles Henry Pearson Gifford, Cecil Gordon, William Smith Gordon, Ram 
Kumar Goyal, James Robertson Campbell Greenlees, George Hogarth, James 
Daloleish Hamilton Jamieson, Allister Middleton MacGiluvray, Alexander 
Mackie, William Hutchison McMillan, Donald Mainland, Charles Alexander 
Malcolm, Sir John Maxwell Stirling Maxwell, Harry Henderson Monteath, 
Sanford Sterling Munro, Thomas Crawford Phemister, Andrew Maitland Ramsay, 
The Rt. Hon, The Earl of Rosebery, James Sandilands, Arthur Henry Havens Sin¬ 
clair, James Stewart, John Livinostone Stewart, Arthur Landsborouoh Thomson, 
Robert Thomson, Andrew Topping, Arthur Elijah Trueman, Oswald James Walker, 
Robert Wilson, George McCreath Wyburn. 

The President announced that the KEITH PRIZE for the period 1935 to 1937 had been 
awarded to Professor HAROLD STANLEY RUS^ M.A., for his paper She Geometty 
of Dirac’s Equations and their Expression in Tensor Form,*' pubUshed in the Pracetdinis of the 
Society within'^ period, and for his othtt papers in the 
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The following Communications were submitted:— 

1. On Tetrastichia hupaiides^ a Carboniferous Pteridosperm from East Lothian. By Pro¬ 
fessor W. T. Gordon, M.A., D.Sc. Trans.^ vol. 59, pp. 351-370. 

2. An Analysis and Comparison of the Structural Features of Dactylotheca plumasa Artis 
and Senftenb^rgia opkiodermatica Gopp. By Norman W. Radforth, M.A. (Toronto). Com- 
nnadcated by Professor J, Walton, M.A., D.Sc. Trans., vol. 59, pp. 385-396. 

Read by Title:— 

3. Studies in Practical Mathematics. III.—The Application of Quadratic Extrapolation to 
the Evaluation of Derivatives, and to Inverse Interpolation. By A. C. AtTKEN, M.A., D.Sc., 
F.R.S. Proc., vol. 58, pp. i6T"I75. 


SIXTH ORDINARY MEETING. 

Monday, May 2, 1938, 

Sir D*Arcy Wentworth Thompson, President, in the Chair. 

The Minutes of the previous Ordinary Meeting were taken as read, and signed. 

The following signed the Roll and were admitted to Fellowship: Mr Charles Henry 
Williams Gat acre Anderson, Mr Charles Augustus Carlow, Mr Stanley Cursiter, 
Dr John Michael Dewar, Mr Norman McOmish Dott, Mr Charles Henry Pearson 
Gifford, Dr William Smith Gordon, Dr James Robertson Campbell Greenlees, Dr 
Alexander Mackib, Professor Harry Henderson Monteath, Dr Andrew Maitland 
Ramsay, Mr Jambs Sandilands, Dr James Stewart, Mr Robert Wilson, Dr Horace 
George Smith. 

The President announced that the following names had been proposed by the Council for 
Honorary Fellowship:— 

British. 

Sir Thomas Lewis, C.B.E., F.R.S. 

Professor Geoffrey Ingram Taylor, F.R.S. 

Foreign. 

Professor Federigo Enriques, Rome. 

Professor H. N. Russell, For>Mem.R.S., Princeton, 

Professor Dr Karl Freiherr von Tubbuf, Munich. 

It was intimated that the Council had awarded the NEILL PRIZE for the period 1935 to 
*937 to Professor WILLIAM J. HAMILTON, M.D., D.Sc., St Bartholomew’s Hospital, for 
his contributions to the Embryology of the Ferret and other work published in the Transactions 
of the Society. 

It was announced that Professor P. A. M. DIRAC, F.R.S., had accepted the invitation of 
the Coundl to deliver the JAMES SCOTT LECTURE on a subject dealing with *‘The Funda¬ 
mental Concepts of Natural Philosophy” on February 6, 1939. 

The following Communications were submitted;— 

i. The Life-History and Development of AgrioUmax agrestis L., the Grtw Field Slug. 
By Robert Carrick, B.Sc., Ph.D. Communicated by Dr A. E. Cameron. vol. 59, 

pp, 563-597- 

a. The Brackish-water Lochs of Orkney. By Edith A. T, Nicol, B.A,, Ph.Di Com¬ 
municated by the President. Pr&c,^ vol. 58, pp, 181-191. 

3. An Inrestigatjon of the Mucorales in the Soil. By Marie £. Campbell, B.Sc., Ph.D. 
Communicated by Dr Malcolm Wilson, Trans., vol. 59, pp. 411-436. 

^1^ by Title:--- 

Green's Function for an Ellipse, and its Api^ication to the Motion of a Point Vortex. 
By D. Meksvk, D.Sc. Communicated by Professor E. T, Whittaker, F.R.S. Proc., vol, $8, 
pp, 17^180, 
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SEVENTH ORDINARY MEETING. 

Monday^ June 6, 1938. 

Sir D*Arcy Wentworth Thompson, President, in the Chair, 

The Minutes of the previous Ordinary Meeting were taken as read, and signed. 

The following signed the Roll and were admitted to Fellowship: Dr Gkoffrev Bernard 
Brook, Mr Jambs Daloleish Hamilton Jamieson, Dr Allister MacGillivray, Dr 
John McMichael, Dr Arthur Henry Havens Sinclair, Dr Robert Thomson, and Dr 
Charles Alexander Malcolm. 

The following Communications were submitted:— 

1. Differential Fertility in Scotland, I9ii““t93i. Part I, By Enid CHARLES, M.A., Ph.D. 
Communicated by Professor Lancelot Hooben, F.R.S. Trans.^ vol. 59, pp. 371-383. 

2. The Food and Feeding of the Brown Trout {Salmo trutta Linne) in relation to the Organic 
Environment. By R. M. Neill, M.C., M.A, Communicated by Professor Lancelot 
Hooben, F.R.S. Trans., vol. 59, pp. 481-^520. 

3. Malformations in the Adult Salmon as a Key to the Understanding of the Fate of Smelts 
during their Sojourn in the Sea. By Professor V. Tchrrnavin. Communicated by Professor 
James Ritchie, D.Sc. Prac., vol. 58, pp. 233-241. 

Read by Title:— 

4. The Actinopte^gian Fishes from the Lower Carboniferous of Glencartholm, Eskdale, 
Dumfriesshire. By J. A, Moy-Thomas, M.A., and Miss Bradley Dyne, B.A. Com¬ 
municated by Dr A. C. Stephen. Trans., vol. 59, pp. 437-480. 

5. The Dynamics of Sheet Intrusion with some Considerations on Faulting, By E. M. 
Anderson, M.A., D.Sc., F.G.S. Free., vol, ^8, pp. 242-251. 

6. On Rare Defects in Human Populations with particular regard to In-Breeding and 
Isolate Effects. By Professor Gunnar Dahlbero, M.D., LL.D. Communicated by Professor 
F. A. E. Crew, M.D., D.Sc. Proe., vol. 58, pp. 213-232. 


EIGHTH AND LAST ORDINARY MEETING. 

Monday, July 4, 1938. 

Sir D'Arcy Wentworth Thompson, President, in the Chair. 

The Minutes of the previous Ordinary Meeting were taken as read, and signed. 

Dr George Green and Mr Geoffrey B. Brook signed the Roll and were admitted to 
Fellowship. 


JAMES GREGORY TERCENTENARY. 

The members of the ST ANDREWS MATHEMATICAL COLLOQUIUM (JvXy 4 to 15, 
1938) attended the Meeting by the cordial invitation of the Society. 

The following Papers were subxmtted from 3 to 4 p^m. 

1. James Gregory, and his Unpublished Discoveries. By Professor H. W, TURNBULL, 
F.R.S. Gregory Memorial Volume. 

2 . On James Gregory’s Geometria Pars Universalis. By Dr Adolf Prag. Gregory 
Memorial Volume. 

Read by Title:— 

3. Piccole note su James Gregory e il siio soggiomo in ItaUa. By Professor Federioo 
EnrjouBS, Rwne. Gregory Memorial Volume. 

4. On James Gregory’s Vera Quadratura. By Prof^pasocs M. Dehn and E. Hrllinqrr, 
Frankfort a.M. Gregory Memorial Volume, 

After a few Remarks by the Presid^t the Meeting acyouriied for tea until 4-36. 
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The following, proposed by the Council for Honorary Fellowship, were unanimously 
elected:— 

Foreign Honorary Fkixows. 

Federico Enriques, Rome. 

Henry Norris Russell, Princeton. 

Karl Freiherr von Tubeuk, Munich. 

British Honorary Fellows. 

Sir THOMA.S Lewis, C.B.E., F.R.S., London. 

Gkoekrey Ingram Taylor, F.R.S., Cambridge. 

The President thanked the appointed Scrutineers—Mr T. H. Gillespie and Mr J. W. 
Butters. 

The Visitors were admitted and the KEITH and NEILL PRIZES presented:— 
Presentation of the KEITH PRIZE (1935-1937) to Professor HAROLD STANLEY 
RUSE, M.A. 


When in 1928 Dime published the set of partial dlfTereutial equations named after him, he removed 
from Quantum Mechanics one point of discordance with the Special Theory of Relativity, but at the same 
time introduced an apparent disagrecMnent with the General Theory; Uie new equations did not obey 
'the tensor-laws of transformation which are postulated by the latter theory for all physically significant 
formula), and, as Darwin wrote at the time, it was rather disconcerting to find that ap^rently something 
had escaj^ through the fiet. hi the following year van. der Waorden began ilie wma of dosing the net 
by introducing into speciaLrclativity Quantum Mechanics a new kind of mathematical entity, the two- 
component spinor, and later writers described his work in geometrical terms and formalised it in such 
a way as to make possible its extension to General Relativity. Ibe full story of the two-component 
spinor was not, however, told until Professor Ruse wrote the paper for which the present award Is 
r^ncij>ally being made. Recognising the geometrical significance of investigations into the relations 
between the Tensor Calculus and Spinor Calculus, he wrote a full account of the theory of two-component 
spinor* which co-ordinated the work of previous writers and developed the geometrical description of 
the Dirac Theory, in a simple and original fasliion, to a point considerably beyond that reached by other 
investigators. The paper has gained considerabJe attention abroad, and remains the most complete 
accourtt of the theory of two-comiwnent spinors yet written. Taken in conjunction with earlier papers 
on Relativity, published in the Proceetiingsof this Society and elsewhere, it establishes Professor Ruse's 
reputation as an expert on the raathematlcs of Relativity and kindred theories. 


Presentation of NEILL PRIZE (i 93 S"i 937 ) to Professor WILLIAM J. HAMILTON, 
M.D., D.Sc* 

With the investigation of the presomite stages of mammalian development arc associated some of 
the greatest names among Erahryolc^ists. That of Bonnet is honourably connected with the study of 
these stages in Carnivores. His intensive and comprehensive papers on the developmeot of the dog 
are very well known. The corresponding stages in the ferret were studied by Profeesor Arthur Robinson 
—but no systematic account existed of the details until the appearance of Professor Hamilton's papers. 
They therefore broken ew ground, and will have a permanent and honourable place in the literature of 
the subject. They art noteworthy for the completeness of the record up to the formation of tJic mesodenn, 
and for the excellence of the technique they oisplay. The account of the segmentation of the egg and 
of the formation of the blastocyst ts enriched ana enlightened by exoeUent photomicrographs of ttie 
living egg, the obtaining of which involved much skill and patience. The demonstration jpunvided of 
the irrcirularity of segmentation in mammals Is convincingly demonstrated. In the later phases perhaps 
the most noteworthy points are the demonstrajiion of the existence of a prochordal process and the very 
coomtent analysts of the early phase* of the rhesoblast. 

The careful oomparlaoti with the stages In other mammals; the capable discussion of the theoretical 
implications of the ptocesses in ferret; and the excellence of the illustrations make the work well worthy 
of the recogattion of the Society as an outstanding piece of original ceeeasch—and a valuable contribution 
to embryological literature. 

Th« President intimated that the Joint-Committee of representatives of the Royal Society 
of Edinburgh, the Royal Physical Society, and the Royal Scottish Geographical Society had 
awarded the DR W, S. BRUCE MEMORIAL PRIZE (1938) to Mr ALEXANDER R. 
GLEN for his work in Spitsbergen, including survey in New Friesland and the completion of 
die map of North East Land, and that the Prize would be presented at a later Meeting. 

He also intimated that the DAVID ANDERSON-BERRY PRIZE (1938) had been awarded 
to Miss MARY A. C. COWELL, M.B., Holt Radium Institute, Manchester, for her Essay 
entitled **An Invesdgation into Some of the Factors affecting the Response of Human Skin 
and Human Skin Tu^urs to Radiation.^’ 

, Society was presented with a portrait of the President, painted by Mr DAVID S. 
EWAST, A.R.S.A. Professor F. A. E. CREW, Vice-President, made the presentation on 
bdialf of the subscribers. The PRESIDENT expressed his thanks for the tribute paid to him, 
and the Artist also expressed his thanks for the way in which his work had been received. 

P.Jl.S.E,-*VOL tVUI, 1937-38, PART III. 20 
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The following Papers were read by Title:— 

1. Note sur les Crino!de« de la **Scotia.” By Professor C. Vaney. Communicated by 
Dr A. C. Stephen. 

2. The Association of Non-homologous Chromosomes in Corixida: (Hemiptera^Hetero* 
ptcra). By H. O. Slack, B.Sc. Communicated by Professor F. A. E. Crew, M» 0 ,, D.Sc. 
Prac.y vob 58, pp. 192-212. 

3. The Female Keproductive System and Corpora lutca of the False Killer Whale, P^udorca 
crassidens Owen. By L. C. Comrik, B.Sc., and Ann B. Adam, B.Sc. Communicated by 
Professor A. D. Peacock, D.Sc. Trans* y vol. 59, pp. 521'-531. 

4. Factors affecting Postnatal Growth of Brown Leghorn Chickens, By N. Galpin, D.Sc. 
Communicated by Dr A. W. Greenwood. 

5. Studies on Plumage in the Male Brown Leghorn Fowl. By Jen Pao Chu, B.Sc. Com¬ 
municated by Dr A. W. Greenwood, Trans.y vol. 59, pp. 533-562. 

6. On Rhamphodopsis y a Ptyctodont from the Middle Old Red Sandstone of Scotland. By 
Professor D. M. S. Watson, F.R.S. Communicated by Dr C. H. O’Donoohue. Trans.y 
vol. 59 , pp. 397 - 4 >o. 

7. Seasonal Trends of Births in Scotland. By Professor W. P, Kennedy, Ph.D. 
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PROCEEDINGS OF THE STATUTORY GENERAL 

MEETING 

Ending the 155th Session, 1937-1938. 


At the Statutory General Meeting^ held in the Society's Rooms, 24 George Street, on Monday, 
October 24, 1938, at 4.30 p.m. 

Sir D'Arry Wentworth Thompson, President, in the Chair. 

The Minutes of the Statutory Meeting held on October 25, 1937, were read, approved, and 
signed. 

The President nominated as Scrutineers, for the election of Office-Bearers and Council, Mr 
William Fraser and Mr F. C. Mears. 

The Ballot was then taken. 

The General Secretary submitted the following report:— 


GENERAL SECRETARY’S REPORT, OCTOBER 24, 1938. 

During the session three Addresses have been given by request of the Council: on October 
25, I 937 > hy Mr J. W. Slesskr Marr, on “Antarctic Surveys: the Work of the ‘ Discovery’ 
Investigations”; on December 6, 1937, by Dr H. J. Bhabha, on “The Production of Electron 
Showers by Cosmic Rays”; and on February 7, 1938, by Dr G, W. Tyrrell, on “Geology in 
the U.S.S.R.” On July 4, 1938, the Society celebrated, conjointly, with the members of the 
ST ANDREWS MATHEMATICAL COLLOQUIUM July 4 to u, 1938), the Tercentenary 
of the birth of JAMES GREGORY, the Scottish Mathematician. Certain papers on his Hfe 
and work were read which will be published by the Society in a GREGORY MEMORIAL 
VOLUME, edited by Professor H. W. Turnbull, F.R.S., and Dr A. C. Aitken, F.R.S. 

37 papers were read as compared with 33 in the previous session. The papers were on the 
following subjects; Mathematics and Statistics, 6; James Gregory papers, 5; Geology and 
Palaeontology, 6; Botany, 4; Zoology, 8; Animal Genetics, 8. 13 papers have been published 

in the Transactions and 16 in the Proceedings, 5 papers on the life and work of JamRS Gregory 
will be published in the Gregory Memorial Volume. 6 papers have been withdrawn, and several 
papers are still under the consideration of the Council. 

The Society has lost by death 18 Fellows and 3 Honorary Fellows. 41 Fellows and 3 Foreign 
and 2 British Honorary Fellows were elected. 4 Fellows resigned and 3 Fellows were removed 
from the Roll, 

Invitations were received and the Society was represented as follows on the occasions 
mentioned;— 

1. Jubilee of Maurice Luoeon, Lausanne, November 20, 1937. Engrossed letter sent. 

2. 140th Anniversary of the Naturhistorische Gcscllschaft zu Hannover, December ii, 1937, 

Letter sent. 

3. Centenary of the Trevandrum Observatory, India, December 23, 1937, Letter sent. 

4. 150th Anniversary of the Royal Botanic Garden, Calcutta, January 6, 1938, I^ctter sent. 

5. 50th Anniversary of the Geographical Society of Finland, Helsingfors, January 22, 1938. 

Letter sent. 

6. International Congress of Leprosy, Cairo, March 21, 1938. Letter sent. 

7. Association Guillaume Bud^, Strasbourg, April i9-*24, 1938. Letter sent. 

8. Centenary of the Societas Scientiarum Fennica, A|^ 28-29, 3 ( 938 . Letter sent. 

9. Dedication of the Franklin Institute, Philadelphia, May I9“2i, 1938. Principal Sir 

J, C. Irvine, F.R.S* 

10. 150th Anniversary of the Linnean Society of London, May 24-26,1938, The President. 

ti. Xiord High Commissioner’s Levee at the Palace of Holyroodhouse, May 25, 1938. Pro- 
# fossor F. A. B. Crew, Lt.^Col. A, G. McKenprick, Dr James Watt, and Dr C. H. 

O’PONOOHUE. 

12, University of St Andrews, Commemoration of the Tercentenary of the birth of James 
Greoorv, July 5* 1938- Ur A. C. Aitken, F.R.S. 
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13. Couf^cs Internationale des Sciences Anthropologiques et Ethnographiqucs, Copenhagen, 

August 1-6, 1938. Professor V. Gordon Childe. 

14, International Congress of Entomology, Berlin, Au^st 15-20, 1938, Dr A, E, CAMERON. 

15. i4(h International Conference of the International Federation for Documentation, Oxford, 

September 21-26, 1938. Dr Douglas Guthrie. 

16, Astronomical Society of Edinburgh. Opening of Calton Hill Observatory Buildings, 

October 7, 1938. The President. 

Early in the session a General Committee was formed, consisting of the Council of the Society 
and a number of leaders in science and education, to secure a portrait of the President—Sir 
D'Arcv Wentworth Thompson —to be hung in the Rooms of the Society. Mr David S. 
Ewart, A.R.S.A., was commissioned to paint the portrait. Dr James Watt kindly consented 
to act as Treasurer of the Fund, and a sum of approximately ;tf370, from which certain expenses 
fall to be deducted, was contributed by Fellows of the Society and others interested. The 
portrait was completed, and was presented to the Society, on behalf of the subscribers, by Professor 
F. A, E. Crew, at the Ordinary Meeting held on July 4,1938. A smaller portrait will be presented 
to the President. 

An inscription marking the birthplace of JAMES CLERK MAXWELL, Natural Philosopher, 
has been placed by the Society, with the approval of the Hon. Lord Robertson, the owner, on the 
house at 14 India Street, Edinburgh. The lettering was designed by Mr L. C. Evetts, A.R.C.A., 
King's College, Newcastle-upon-Tyne. 

The President was appointed as the representative of the Society on the Meteorological 
Committee of the Meteorological Office, London. 

A dinner was held in the Rooms of the Society on June 23, 1938, in honour of Professor Max 
Planck, Hon.F.R..S.E., then on a visit to Scotland. 

At the Ordinary Meeting on July 4, 1938, the KEITH PRIZE (1935-1937) was presented to 
Professor Harold Stanley Ruse, M.A., for his paper “On the Geometry of Dirac^s Equations 
and their Expression in Tensor Form," published in the Proceedings of the Society within the 
period, and for his other papers in the Proceedings\ and the NEILL PRIZE (1935-1937) to 
Professor William J, Hamilton, M.D., D.Sc., for his contributions to the Embryology of the 
Ferret and* other work published in the Transactions of the Society. 

The DR W. S. BRUCE MEMORIAL PRIZE (1938) was awarded by the Joint Committee 
to Mr Alexander R, Glen, for his work in Spitsbergen, including survey in New Friesland 
and the completion of the map of North East Land. The Prize will be presented on December 5, 

193S* 

The JAMES SCOTT LECTURE (1938), on a subject dealing with the fundamental concept.? 
of Natural Philosophy, will be delivered by Professcu: Paul Adrien Maurice Dirac, F.R.S., 
on February 6, 1939. 

The DAVID ANDERSON-BERRY PRIZE (1938) was awarded to Mary A. C. Cowell, 
M.B., Holt Radium Institute, Manchester, for her essay entitled “An Investigation into some of 
the Factors affecting the Response of Human Skin and Human Skin Tumours to Radiation." 
The Prize will be presented on December 5, 1938. 

The sum of i,30O was expended on Library binding during the session. Arrears in this 
Department are being gradually overtaken. 

The thanks of the Society ore due to those who have made presentations to the Library. 
These include a valuable collection of old biological volumes presented by Mr William William¬ 
son, a Fellow of the Society. 

The acknowledgments of the Society are due to the Carnegie Trust for the Universities of 
Scotland for grants to authors towards the coat of illustrations, tabular matter, etc., of papers 
published in the Transactions and Proceedings^ amounting to ;f203, 198. 3d.; to Birkbcck College 
Publications Fund for a grant of ;^io towards the publication of Mr A. Graham's paper in 
Transactions (1938); to Professor W. T. GORDON, D.Sc., for j^20 towards the plates of his paper 
in Transactions (1938); and for received from the Royal Society of London, from the 
Government Publication Grant, in aid of the cost of the Society's publications for the session 
> 937 -*938. 

Treasurer’s Report:— 

The Treasurer, in submitting the Accounts for the post year in a new form, mentioned the 
leading items of Receipts and Expenditure and compared thm with those of the previous year. 
He stated that a sum of ;^aoo had been set aside in the Accounts towards the cost of printing tho 
GREGORY MEMORIAL VOLUME, and indicated that the ffnancial position of the Sc^ety 
was satisfactory. 

The Rt. Hon. Lord S alvesbn moved the adoption of the reports, and the reappointment of 
Messrs Lindsay, Jamieson ^ Haldane, C.A«, as auditors for the ensuing session. The 
meeting approvf^. 
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‘ Vice-Presidents. 


The Scrutineers reported that the Ballot Papers were In order, and the President declared 
that the following Office-Bearers and Members of Council had been duly elected:— 

Sir D*Arcy W. Thompson, Kt., C.B., DXitt., Hon. D.Sc., LL. 0 ., F.R.S., President. 
Professor F. A. E. Crew, M.D., D.Sc., Ph.D. 

Lt.-Col. A. G. McKbndrtck, M.B., D.Sc., F.R.C.P.E. 

Principal J. C. Smail, O.B.E., Companion Inst.E.E. 

Professor T. Walton, M.A., D.Sc. 

James Watt,W.S., LL.D. 

Professor E. T. Whittaker, M.A., Hon.Sc.D., LL.D., F.R.S. ^ 

Professor James P. Kendall, M.A., D.Sc., F.R.S., General Secretary. 

Alexander C. Aitkbn, M.A., D.Sc., F.R.S.\c * ^ 

Cham-ks H. 0 -Donoghue, D.Sc. jSecretane* to Ordinary Meeting*. 

E. Maclagan Wboderborn, O.B.E., LL.D,, D.K.S., Treasurer. 

Leonard Dobbin, Ph.D., Curator of Library and Museum. 


MEMBERS OF COUNCIL. 


John £. Mackenzie, D.Sc. 

Professor Sydney Smith, M.D., F.R.C.P., 
D.P.H. 

Emeritus Professor Ralph Stockman, M.D., 
LL.D., F.R.C.P.E. 

Professor Lancelot T. Hogben, M.A., 
D.Sc., F.R.S. 

Professor James Ritchie, M.A., D.Sc. 

G. W. Tyrrell, A.R.C.S., D.Sc., F.G.S. 


Emeritus Professor C. T. R. Wilson, C.H., 
M.A., D.Sc., LL.D., F.R.S. 

Professor R. C. Garry, M.B., Ch.B., D.Sc. 
Professor R, J. D. Graham, M.A., D.Sc, 
Professor D. Murray Lyon, M.D., 
F.R.C.P.E., D.P.H., D.Sc. 

J. E. Richey, M.C., B.A., Sc.D., F.R.S., 
F.(t.S, 

The Hon. Lord Robkrt.son. 


The Scrutineers were thanked for their services. 

The President thanked the retiring Members of Council for their services. 

The President referred to the loss the Society had sustained by the deaths of 18 Ordinary 
and 3 Honorary Fellows, including several distinguished and old Fellows of the Society. 

Visitors having been admitted the President called upon Mr J. L. Baird, Hon.F.R.S.E., 
to deliver his Address on The Development of Television.'^ 

The President, in name of the Society, cordially thanked Mr Baird for his Address, 
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THE KEITH, MAKDOUGALL-BRISBANE, NEILL, GUN¬ 
NING VICTORIA JUBILEE, JAMES SCOTT, BRUCE, 
AND DAVID ANDEftSON-BERRY PRIZES, AND THE 
BRUCE-PRELLER LECTURE FUND. 

The above Prizes will be awarded by the Council in the following manner:— 

I. KEITH PRIZE. 

The Keith Prize, consisting of a Gold Medal and about £30 in Money, 
will be awarded in the Session i939“i94o for the “best communication on 
a scientific subject, communicated,* in the first instance, to the Royal Society 
of Edinburgh during the Sessions 1937-1938 and 1938-1939.” Preference will 
be given to a Paper containing a discovery. (See also Council's resolutions at 
the end of these regulations.) 

II. MAKDOUGALL-BRISBANE PRIZE. 

{ Ain $ ndtd / un $ 7, I9a6.) 

This Prize is to be awarded biennially by the Council of the Royal Society 
of Edinburgh to such person, for such purposes, for such objects, and in such 
manner as shall appear to them the most conducive to the promotion of the 
interests of science; with the proviso that the Council shall not be compelled to 
award the Prize unless there shall be some individual engaged in scientific pursuit, 
or some Paper written on a scientific subject, or some discovery in science made 
during the biennial period, of sufficient merit or importance in the opinion of the 
Council to be entitled to the Prize. 

1. The Prize, consisting of a Gold Medal and a sum of Money, will be awarded 
before the close of the Session 1940-1941, for an Essay, Paper, or other work 
having reference to any branch of scientific inquiry, either material or mental, 

2. It is open to all men of science, 

3. The specific subjects taken into consideration in the current ^ward are 
governed by the resolutions of the Council as stated at the end of these regulations. 

4. For the current period the Committee is representative of Group A, 

5. The Committee will consider Papers presented to the Society within the 
Sessions 1938-1939 and 1939-1940, and will make a recommendation. 

It is empowered to recommend either:— 

(a) An award to the Author of an Essay or Paper conridered as above, or 
(^) That no award be made on the ground that, within its group, no Paper 
of sufficient merit has been presented, or 

* Fur purposes of this award the word ^'communicated^* shall be understood to mean the 
date on which^the manuscript of a Paper is received in its final form for as recorM by 

the General S^retary or other responsible oilimal. 
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{c) That the Prize be awarded to some distinguished man of learning, who 
may not have presented a Paper to the Society within the period 
considered, but who is willing to deliver an address. 

III. NEILL PRIZE. 

The Council of the Royal Society of Edinburgh having received the bequest of 
the late Dr Patrick Neill of the sum of ;;^^soo, for the purpose of “the interest 
thereof being applied in furnishing a Medal or other reward every second or 
third year to any distinguished Scottish Naturalist, according as such Medal or 
reward shall be voted by the Council of the said Society,’^ hereby intimate:— 

I. The Neill Prize, consisting of a Gold Medal, will be awarded during the 
Session 1939-1940. 

a. The Prize will be given for a Paper of distinguished merit, on a subject 
of Natural History, by a Scottish Naturalist, which shall have been presented * 
to the Society during the two years preceding the fourth Monday in October 
1939,—or failing presentation of a Paper sufficiently meritorious, it will be awarded 
for a work or publication by some distinguished Scottish Naturalist, on some 
branch of Natural History, bearing date within five years of the time of award. 
(See also resolutions of Council at the end of these regulations.) 

IV. GUNNING VICTORIA JUBILEE PRIZE. 

This Prize, founded in the year 1887 by Dr R. H. Gunning, is to be awarded 
quadrennially by the Council of the Royal Society of Edinburgh, in recognition 
of original work in Physics, Chemistry, or Pure or Applied Mathematics. 

Evidence of such work may be afforded either by a Paper presented * to the 
Society, or by a Paper on one of the above subjects, or some discovery in them 
elsewhere communicated or made, which the Council may consider to be deserving 
of the Prize. 

The Prize consists of a sum of money, and is open to men of science resident 
in or connected with Scotland. The first award was made in the year 1887. 
The next award will be made in Session 1940-1941. 

In accordance with the wish of the Donor, the Council of the Society may on 
fit occasions award the Prize for work of a definite kind to be undertaken during 
the three succeeding years by a scientific man of recognised ability. 

V. JAMES SCOTT PRIZE. 

This Prize, founded in the year 1918 by the Trustees of the James Scott 
Bluest, is to be awarded triennially, or at such intervals as the Council of the 
Royal Society of Edinburgh.may decide, “for a lecture or essay on the funda¬ 
mental concepts of Natural PhOosophy.” 

* For the purposes of this award tha word “presented** shall be understood to mean the date 
0» whidi the manuscript of a Paper is received In its final form for printing, as recorded by the 
GeiMTal Secretary or other responsible official* 
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VI. BRUCE PRIZE. 

The Society is trustee of a fund, instituted in 1923, to commemorate the 
work of Dr W, S. Bruce as an explorer and scientific investigator in polar 
regions. 

The Committee of Award is appointed jointly by the Royal Society of Edin¬ 
burgh, the Royal Physical Society, ftnd the Royal Scottish Geographical Sodety. 

The Prize consists of a Bronze Medal and sum of Money, It is open to 
workers of all nationalities, with a preference, ceteris paribus^ for those of Scottish 
birth or origin, and is to be awarded biennially for some notable contribution 
to Natural Sciences, such as Zoology, Botany, Geology, Meteorology, Oceano¬ 
graphy, and Geography; the contribution to be in the nature of new knowledge, 
the outcome of a personal visit to polar regions on the part of the recipient. The 
recipient shall preferably be at the outset of his career as an investigator. 

The next award will be made in 1940. Papers for the consideration of the 
Committee should be in the hands of the General Secretary of the Royal Society, 
as George Street, Edinburgh 2, not later than March 31 of that year. 

VII, BRUCE-PRELLER LECTURE FUND. 

The Council of the Royal Society of Edinburgh having received in 1929 the 
bequest of the late Dr Charles Du Riche Preller of the sum of £^00, 
decided that the income thereof be applied by the Council biennially as an hono¬ 
rarium for a special Bruce-Preller Lecture or Address by an outstanding man 
of science, its subject to be Geology or Electrical or Physical Science, or in the 
discretion of the Council some other branch of science. The next award will be 
made in Session 1940-1941. 

VIII. DAVID ANDERSON-BERRY FUND. 

The Council of the Royal Society of Edinburgh having received in the year 
1930, free of duty, the capital sum of one thousand pounds (;^iooo), to be in 
terms of the will of the late Dr David Anderson-Berry, dated 23rd April 1926, 
decided that the income thereof be applied triennially, *‘in the first plaije in the 
presentation of a gold medal, and in the second place in the payment of a sum of 
money to the winner for the year of such gold medal, the winner being the person 
who, in the opinion of the Sodety, shall be the producer for the year of the best 
essay on the nature of X-rays and their therapeutical effect on human diseases.” 

The third award will be made in July 1941. 


RESOLUTIONS OF COUNCIL IN REGARD TO THE MODE 
OF AWARDING PRIZES. 

(.SVtf Minutes ef Meeting of January iS, 1915.) 

1 . With regard to the Keith and Makdougall-Brisbane Prizes, whidi are open 
to all Sdence% the mode of award will be as follows :— 
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1. Papers or essays to be considered shall be arranged in two groups, ^ and 

JB —Group A to include Astronomy, Chemistry, Mathematics, Metal- 
lurgy, Meteorology, and Physics; Group B to include Anatomy, Anthro¬ 
pology? Botany, Geology, Pathology, Physiology, and Zoology. 

2. These two prizes shall be awarded to each group in alternate biennial 

periods, provided Papers worthy of recommendation have been communi¬ 
cated to the Society, 

3. Prior to the adjudication the Council shall appoint, in the first instance, a . 

Committee composed of representatives of the group of Sciences which 
did not receive the award in the immediately preceding period. The 
Committee shall consider the Papers which come within their group of 
Sciences, and report in due course to the Council, 

4. In the event of the aforesaid Committee reporting that within their group 

of subjects there is, in their opinion, no Paper worthy of being recom¬ 
mended for the award, the Council, on accepting this report, shall 
•appoint a Committee representative of the alternate group to consider 
Papers coming within their group and to report accordingly. 

5. Papers to be considered by the Committees shall fall within the period 

dating from the last award in Groups A and B respectively. 

11. With regard to the Neill Prize, the term Naturalist’^ shall be understood 
to include any student in the Sciences composing Group B, namely, Anatomy, 
Anthropology, Botany, Geology, Pathology, Physiology, Zoology. 
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Appendix, 


AWARDS OF THE KEITH, MAKDOUGALL-BRISBANE, 
NEILL, GUNNING, JAMES SCOTT, BRUCE, AND 
DAVID ANDERSON-BERRY PRIZES, AND THE 
BRUCE-PRELLER LECTURE FUND. 

I. KEITH PRIZE. 

1ST Biennial Period, 1827-29.—Dr Brewster, for his pap«rs “on his Discovery of Two New 
Immiscible Fluids in the Cavities of certain Minerals, published in the Transactions of 
the Society. 

2MD Biennial Period, 1829-31.—Dr Brewster, for his paper “on a New Analysis of Solar 
Light,** published in the Transactions of the Society. 

3RD Biennial Period, 1831-^3.—Thomas Graham, Esq., for his paper “on the Law of the 
Difhuion of Gases,'* pub&hed in the Transactions of the Society. 

4TH Biennial Period, 1833-35.—Professor J. D. Forbes, for his paper *'on the Refraction and 
Polarization of Heat,*’ published in the Transactions of the Sodety. 

5TH Biennial Period, 1835-37,— John Scott Russell, Esq., for his researches “on Hydro* 
dynamics,** published in the Transactions of the Society. 

6th Biennial Period, 1837-39.— Mr John Shaw, for his experiments **on the Development 
and Growth of the Salmon,** published in the Transactions of the Society. 

7TH Biennial Period, 1839-41.—Not awarded. 

8th Biennial Period, 1841-43.—Professor James David Forbes, for his papers “on 
Glaciers,** published in the Proceedings of the Sodety. 

9TH Biennial Period, 1843-45,—Not awarded. 

lOTH Biennial Period, 1845-47.—General Sir Thomas Brisbane, Bart., for the Makerstoun 
Observations on Magnetic Phenomena, made at his expense, and published in the Trans¬ 
actions of the Sodety. 

iiTH Biennial Period, 1847-49.—Not awarded. 

laTH Biennial Period, 1849-51.—Professor Kellanp, for his papers **on General Differentia* 
tion, including his more recent Communication on a process of the Differential Calculus, and 
its application to the solution of certain Differential Equations,** published in the Transac¬ 
tions of the Society. 

13TH Biennial Period, 1851-53.—W. J. Macquorn Rankinb, Esq,, for his series of papers 
“on the Mechanical Action of Heat,** published in the Transactions of the Sodlity. 

14TH Biennial Period, 1853-55.—Dr Thomas Anderson, for his papers “on the Crystalline 
Constituents of Opium, and on the Products of the Destructive Distillation of Animal 
Substances,** published in the Transactions of the Sodety. 

15TH Biennial Period, 1855-57.—Professor Boole, for his Memoir **on the Application of 
the Theory of Probabilities to Questions of the Combination of Testimonies and Judg* 
mcnts,*' published in the Transactions of the Sodety. 

I6th Biennial Period, 1857-59.—Not awarded. 

17TH Biennial Period, 1859^1.—John Allan Broun, Esq., F.R.S., Director of the Trevan- 
drum Observatory, for his papers **on the Horizontal Force of the Earth's Magnetism, on 
the Correction of the Bihlar Maraetometer, and on Terrestrial Magnetism genenmy,** 
published in the Transactions of the Sodety, 

i8th Biennial Period, 1861-63.—Professor William Thomson, of riie University of Glasgowt 
for his Communication “on some Kinematical and Dynamical Theorems.'* 

19TH Biennial Period, 1863-65.—Prindpal Forbes, St Andrews, for his “Experimental 
Inquiry into the Laws of Conduction of Heat in Iron Bars,** published in the T^nsactkins 
of the Sodety, 

20TH Biennial Period, 1865-67.— Professor C. Piaeei Smyth, for bis paper “on Recent 
Measures at the Great Pyramid,*’ published in the Transactions of the Sodefy, 
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aiST Period, 1867-6^.—Professor P. G, Tait, for his paper *‘on the Rotation of a 

Rigid Body about a Fixed Point,” published in the Transactions of the Society, 

aaND Biennial Period, 186^71.—Professor Clerk Maxwell, for his paper **on Figures, 
Frames, and Diagrams of Forces,” published in the Transactions of tne Society, 

23110 Biennial Period, 1871-73.—Professor P. G. Tait, for his paper entitled First Approxi¬ 
mation to a Thermo-electric Diagram,” published in the Transactions of the Society. 

34TH Biennial Period, 1873-75* — Professor Crum Brown, for lus Researches ”on the Sense of 
Rotation, and on the Anatomical Relations of the Semicircular Canals of the Internal Ear.” 

2STH Biennial Period, 1875-77,—Professor M. Forster Hkddlk, for his papers ”on the 
Rhombohedral Carbonates,” and “on the Felspars of Scotland,” published in the Transac¬ 
tions of the Society. 

26th Biennial Period, 1877-79.—Professor H. C. Flkeming Jen kin, for his paper “on the 
Application of Graphic Methods to the Determination of the Efficiency of Machinery,” 
published in the Transactions of the Society; Part 11 having appeared in the volume for 
1877-78. 

27TH Biennial Period, 1879-81. —Professor Georoe Chrystal, for his paper “on the Differ¬ 
ential Telephone,” published in the Transactions of the Society, 

28th Biennial Period, 1881-83.— Thomas Muir, Esq., LL.D., for his “Researches into the 
Theory of Determinants and Continued Fractions,” published in the Proceedings of the 
Society, 

39TH Biennial Period, 1883^5. —^Tohn Aitken, Esq., for his paper “on the Formation of 
Small Clear Spaces in Dusty Air,” and for previous papers on Atmospheric Phenomena, 
published in the Transactions of the Society. 

30TH Biennial Period, 1885-87.— John Young Buchanan, Esq., for a series of communica¬ 
tions, extending over several years, on subjects connected with Ocean Circulation, 
Compressibility of Glass, etc.; two of which, viz., “On Ice and Brines,” and “On the 
Distribution oi Temperature in the Antarctic Ocean,” have been published in the Proceed¬ 
ings of the Society. 

31 ST Biennial Period, 1887-89.—Professor E. A. Letts, for his papers on the Organic 
Compounds of Phosphorus, published in the Transactions of the Society. 

32ND Biennial Period, 1889-91.—R. T. Omond, Esq., for his contributions to Meteorologies 
Science, many of which are contained in vol. xxxiv of the Society’s Transactions. 

33RD Biennial Period, 1891-93.—Professor Thomas R. Fraser, F.R.S., for his papers on 
Stropkanthus hispidus^ Strophanthin, and Strophanthidin, read to the Society in February 
and June 1889 and in December 1891, and printed in vols. xxxv, xxxvi, and xxxvii of the 
Society’s Transactions. 

34TH Biennial Period, 1893-95.—Dr Caroill G. Knott, for his papers on the Strains pro¬ 
duced by Magnetism in Iron and in Nickel, which have appeared in the Transactions and 
Proceedings of the Society. 

35TH Biennul Period, 1895-97, —Dr Thomas Muir, for his continued communications on 
Determinants and Alliw Questions. 

36TH Biennial Period, 1897-99.—Dr James Burgess, for his paper “on the Definite Integral 
- 4-1 with extended Tables of Values,” printed in vol. xxxix of the Transactions 

of the Society, 

37TH Biennial Period, 1899-1901. —Dr Hugh Marshall, for his discovery of the Per¬ 
sulphate®, and for his Communications on the Properties and Reactions of these Saits, 
published in the Proceedings of the Society. 

38TH Biennial Period, 1901-03.—Sir William Turner, K.C.B., LL.D., F.R.S., etc., for his 
memt^ entitled “A Contribution to the Craniolo^ of the People of Scotland,” published 
in the Transactions of the Society, and for his “Contributions to the Craniology of the 
People of the Empire of India,” Parts I, II, likewise published in the Transactions of the 
Society. 

39TH Biennial Period, ioo3-o5.'-^Thomas H. Bryce, M.A., M.D., for hU two papers on 
“The Histology of the Blood of the Larva of Lttpidosirin paradpxa” publisned in the 
Transactloiu of die Society within the period. 

40XH Biennial Period, 1905-07.—Alexander Bruce, M.A., M.D., F.R.C.P.E., for his 
^per eDtitted Distribution of the Cells in the Intermedio-Lateral Tract of the Spinal 
Cord>” published in ^e Transactions of the Society within the period. 
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41ST Biennial Period, 19^-09. —Wheklton Hind, M.D., B.S., F.R.C.S., P, 0 ,S,, for a 
paper published in the Transactions of the Society, ** On the Lamellibranch and Gasteropod 
Fauna found in the Millstone Grit of Scotland.” 

4iND Biennial Period, 1909-ri.—Professor Alexander Smith, B.Sc., Ph.D., of New York, 
for his researches upon “Sulphur” and upon “Vapour Pressure,” appearing in the Pro* 
ceedings of the Society. 

43RD Biennial Period, 19x1-13 .—^Jam «3 Russell, Esq., for his series of investigations 
relating to mametic phenomena in metals and the molecular theory of magnetism, the 
results of which have been published in the Proceedings and Transactions of the Society, 
the last paper having been issued within the period. 

44TH Biennial Period, 1913-15.— James Hartley Ashworth, D.Sc., for his papers on 
"'Larvse of Lingula and Pelagodiscus,” and on “ Sclerocheilus,” published in the Trans¬ 
actions of the Society, and for other papers on the Morphology and Histology of Polychnta. 

45TH Biennial Period, i915-1 7. —Robert C. Mossman, Esq., for his work on the Meteorology 
of the Antarctic Regions, which originated with the important series of observations made by 
him during the voyage of the “Scotia” (1902-1904), and includes his paper “On a Sea-Saw 
of Barometric Pressure, Temperature, and Wind Velocity between the Weddell Sea and the 
Ross Sea,” published in the Proceedings of the Society. 

46TH Biennial Period, 1917-19.—John Stephenson, Lt.-Col., I.M.S., for his series of papers 
on the Oligochseta and other Annelida, several of which have been published in the Trans¬ 
actions of the Society. 

47TH Biennial Period, 1919-21.— Ralph Allen Sampson, F.R.S., for his Astronomical 
Researches, including the papers “Studies in Clocks and Time-keeping: No. i, Theory of 
the Maintenance of Motion; No. 2, Tables of the Circular Equation,” published in the 
Proceedings of the Society within the period of the award. 

48TH Biennial Period, 1921-23.— John Walter Grkoorv, F.R.S., for his papers published 
in the Transactions of the Society, and in recognition of his numerous contributions to 
Geology, extending over a period of thirty-six years. 

49TH Biennial Period, 1923-25.—Herbert Westrbn Turnbull, M.A., for the papers on 
“Hyper-Algebra,” “InvariantTheory,” and “Algebraic Geometry,” three of which have 
been published in the Proceedings within the period of award. 

SoTH Biennial Period, 1925-27.— Thomas John Jehu, M.A., M.Di, F.G.S., and Robert 
Meldrum Craig, M.A., B.Sc., F.G.S., for the joint scries of papers which have recently 
appeared in the Transactions of the Society on the “Geology of the Outer Hebrides.” 

51 ST Biennial Period, 1927-29. —Christina C. Miller, B.Sc., Ph.D., for her papers on ttic 
“ Slow Oxidation of Phosphorus Trioxide,” published in the Proceedinp within the period 
of the award, and in consideration of subsequent developments on “Slow Oxidation of 
Phosphorus,” published elsewhere. 

52ND Biennial Period, 1929-31.— Alan William Greenwood, M.Sc., Ph.D., for his papers 
on the “ Biology of the Fowl,” several of which have appeared in the Proceedings within 
the period of award. 

53RD Biennial Period, 1931-33.— A. Crichton Mitchell, D.Sc., for his paper “On the 
Diurnal Incidence of Disturbance in the Terrestrial Magnetic Field,” published in the 
Transactions within the period of award. 

S4TH Biennial Period, 1933-25.— Lancelot T. Hooben, D.Sc., F.R.S., for his papers on 
genctical subjects, published alone and in collaboration, which have appeared in the 
Proceedings within the period of award. 

55TH Biennial Period, 1935-37.—Harold Stanley Ruse, M.A., for his paper “On the 
Geometry of Dirac's Equations and their Expression in Tensor Forms,” published in tlie 
Proceedings within the period, and for his other papers in the Proceedings. 


IL MAKDOUGALL-BRISBANE PRIZE. 

18T Biennial Period, 1859.— Sir RoDERtCE Impey Murchison, on account of his Contribu¬ 
tions to the Geology of Scotland. 

2ND Biennial Period, x86o-6a.— William Seller, M.D., F.R.C.P.E., for his “Memoir of 
the Life sind Writings of Dr Robert Whytt," published In the Transa^ons of thu Sodsl^* 
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3SD Biennial Period, 1862-64,—John Denis Macdonald, Esq», R.N., F.R.S., Surjfcon of 
H.M.S, ''Icarus/' for his p^er "on the Representative Relationships of the Fixed and Free 
Tunicata, regarded as Two Sub-classes of equivalent value; with some General Remarks on 
their Morphology," published in the Transactions of the Society. 

4TH Biennial Period, 1864-66.—Not awarded. 

5TM Biennial Period, 1866-68.—Dr Alexander Crum Brown and Dr Thomas Richard 
Fraser, for their conjoint paper "on the Connection between Chemical Constitution and 
Physiological Action," published in the Transactions of the Society. 

6th Biennial Period, 1868-70.— Not awarded. 

7TH Biennial Period, 1870-72.— Georoe James Allman, M.D., F.R.S., Emeritus Professor 
of Natural History, for his paper "on the Homological Relations of the Ccelenterata," 
published in the Transactions, which forms a leading chapter of his Monograph of Gymno- 
blastic or Tubularian Hydroids—since published. 

8tm Biennial Period, 1872-74.—Professor Lister, for his paper "on the Germ Theory of 
Putrefaction and the Fermentive Changes," communicated to the Society, 7th April 1873. 

9TM Biennial Period, 1874-76.—Alexander Buchan, A.M,, for his paper "on the Diurnal 
Oscillation of the Barometer," published in the Transactions of the Society. 

lOTH Biennial Period, 1876-78.—Professor Archibald Geikie, for his paper "on the Old 
Red Sandstone of Western Europe," published in the Transactions of the Society. 

IITH BiteNNiAL Period, 1878-80.—Professor Piazzi Smyth, Astronomer-Royal for Scotland, 
for his paper "on the Solar Spectrum in 1877-78, with some Practical Idea of its probable 
Temperature of Origination," published in the Transactions of the Society. 

I2TH Biennial Period, 1880-82.—Professor James Geikie, for his "Contributions to the 
Geology of the North-West of Europe," including his paper "on the Geology of the Faroes," 
published in the Transactions of the Society. 

13TH Biennial Period, 1882-84. — Edward Sang, Esq., LL.D., for his paper "on the Need of 
Decimal Subdivisions in Astronomy and Navigation, and on Tables requisite therefor," 
and generally for his Recalculations of Logarithms both of Numbers and Trigonometrical 
Ratios—the former communication being published in the Proceedings of the Society. 

14TH Biennial Period, 1884-86.—John Murray, Em., LL.D., for his papers "On the Drain¬ 
age Areas of Continents and Ocean Deposits," "The Rainfall of the Globe, and Discharge 
of Rivers," "The Height of the Land and Depth of the Ocean," and "The Distribution of 
Temperature in the Scottish Lochs as afiected by the Wind." 

15TH Biennial Period, 1886-88.— Archibald Geikie, Esq., LL.D., for numerous Communi¬ 
cations, especially that entitled " History of Volcanic Action during the Tertiary Period in 
the British Isles," published in the Transactions of the Society. 

i6th Biennial Period, 1888-90.—Dr Ludwig Becker, for his paper on "The Solar Spectrum 
at Medium and Low Altitudes," printed in voL xxxvi, Part I, of the Society's Transactions. 

17TH Biennial Period, 1890-92.—Hugh Robert Mill, Esq., D.Sc., for his papers on "The 
Physical Conditions of the Clyde Sea Area," Part I being already published in vol. xxxvi 
of the Society's Transactions. 

i8th Biennial Period, 1892-94.—Professor James Walker, D.Sc., Ph.D., for his work on 
Physical Chemistry, part of which has been published in the Proceedings of the Society, 
vol. XX, jm. 255-263. In making this award, the Council took into consideration the work 
done by Professor Walker along with Professor Crum Brown on the Electrolytic Synthesis 
of Dibasic Adda, published in the Transactions of the Sodety. 

19TH Biennial Peeiod, 1894-96. —Professor John G. M'Kendrick, for numerous Physiological 
papers, espedally in connection with Sound, many of which have appeared in the Sodety's 
puDlications, 

aoTH Biennial Period, 1896-98.—Dr William Pbddie, for his papers on the Torsional 
Rigidity of Wires. 

21BT Biennial Period, 1898-1900.—Dr Ramsay H. Traquair, for his paper entitled "Report 
on Fossil Fishes collected by the Geological Survey in the Upper Silurian Rocks of Scot¬ 
land," printed in vol. xxxix of the Transactions of the Sodety. 

22ND Biennial Period, 1900-02.—Dr Arthur T. Masterman, for his paper entitled "The 
Early Development m Cribrdla oculata (Forbes), with remarks on Echmoderm Develop* 
ment," printed in vol xl of the Transactions of the Sodety, 

23RD Biennial Period, 1902-04.—John Douoall, M.A., for Hs paper on "An Analytical 
Theory of the Equilibrium of an Isotropic Elastic Plate," pubhshed in vol. xU of the 
Tranaactions of the Sodety. 
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24TH Biennial Period, 1904-06.—JACOB E. Halm, Ph.D., for his two papers entitled ^' Spectro¬ 
scopic Observations of the Rotation of the Sun,” and "Some Furtner Results obtained with 
the Spcctroheliometer,” and for other astronomical and mathematical papers published in 
the Transactions and Proceedings of the Society within the period, 

25TH Biennial Period, 1906-08.—D. T. Gwynne-Vaughan, M.A., F.L.S,, for his papers, 
ist, "On the Fossil Osmundaccte,” and 2nd, "On the Origin of the Adaxially-curved Leaf- 
trace in the Filicales,” communicated by him conjointly with Or R. Kidston. 

26th Biennial Period, 1908-10.— Ernest Maclaoan Wkddkrburn, M.A., LL.B., for his 
series of papers bearing upon *‘The Temperature Distribution in Fresh-water Lochs,” and 
especially upon The Temperature Seiche.” 

27TH Biennial Period, 1910-12.—^John Brownlee, M.A., M.D., O.Sc,, for his contributions 
to the Theory of Mendelian Distributions and co^ate subjects, published in the Proceed¬ 
ings of the Society within and prior to the prescribed period. 

28th Biennial Period, 1912-14.—Professor C. R. Marshall, M.A., M.D., for his studies 
"On the Pharmacological Action of Tetra-alkyl-ammonium Compounds.” 

29TH Biennial Period, 1914-16.—Robert Alexander Houstoun, Ph.D., D.Sc., for his 
series of papers on "The Absorption of Light by Inorganic Salts,” published in the Pro¬ 
ceedings of the Society. 

30TH Biennial Period, 1916-18. —Professor A. Anstruthkr Lawson, for his Memoirs on 
"The Prothalli of Tmesipttris Tattnensis and of published in the Transactions 

of the Society, together with previous papers on Cytology and on The Gametophytes of 
various Gymnosperms. 

31 ST Bienn^l Period, 1918-20.—Professor J. H. Maclaoan Weddbrburn of Princeton 
University, for his Memoirs in Universal Algebra, etc., published in the Transactions and 
Proceedings of the Society, and elsewhere. 

32ND Biennial Period, 1920-22.—Professor W. T. Gordon, M.A., D.Sc., for hie paper on 
"Cambrian Organic Remains from a Dredging in the Weddell Sea,” published in the 
Transactions of the Society within the period, and for his investigations on the Fossil Flora 
of the Pettycur Limestone, previously published in the Transactions. 

33RD Biennial Period, 1922-24. —Professor H. Stanley Allen, D.Sc., for his ^pers on the 
" Quantum and Atomic Theory,” publislied in the Society’s Proceedings within the period. 

34TH Biennial Period, 1924-26.—Charles Morley Wen yon, C.M.G., C.B.E., F.R.S., for 
his distinguished work in Protozoology extending over a period of twenty-one years. 

35TH Biennial Period, 1926-28.—W. O. Kermack, M.A., D.Sc., for his contributions to ^ 
Chemistry, published in the Society's Proceedings and elsewhere. ■ 

36th Biennial Period, 1928-30.—Nellie B. Bales, D.Sc.. for her papers in the SocieJgfi^’! 
Transactions on ”The Anatomy of a Foetal African Elepnant.” 

37TH Biennial Period, 1930-32.—A. C. Aitxsk, M.A., D.Sc., for various contributic^s to 
Mathematics, published in the Society's Proceedings and elsewhere. 

38TH Biennial Period, 1932-34.— A. E. Cameron, M.A., D.Sc., for his publications in 
Entomology, including hi* paper in the Transactions, "The Life-History and Structure 
of Hiefnatopoia pluvialis Linn^ (Tabanidie).” 

39TH Biennial Period, i934-“36.— E. M. Anderson, M.A„ D.Sc., for his paper "The Dynamics 
of the Formation of Cone-sheets, Ring-dykes, and Caldron-subsidences,” published in 
the Society's Proceedings within the period. 


HI. THE NEILL PRIZE. 

1ST Triennial Period, 1856-59.—Dr W. Lauder Lindsay, for his pajper "on the Sper- 
mogones and Pycnides of Filamentous, Fruticulose, and Fcdiaceous Lichens,” published in 
the Transactions of the Society. 

2ND Triennial Period, 1859-62.— Robert Kaye Greville, LL.D., for his contributions to 
Scottish Natural History, more especially in the department of Cryptogamic Botany, 
including his recent papers on Diatomacese. 

3RD Triennial Period, 1862-65,— Andrew Crombie Ramsay, F.R.S., Professor of Geology 
in the Government School of Mines, and Local iHrector of the Geological Survey of Great 
Britiun, for his various woriks and memoirs published during the last nve years, in which he 
has applied the large experience acquired by him in the Direction of the arduous worlt of 
the Geological Survey of Great Britain to the elucidation of important questions bearing on 
Geological Science. ^ * 
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4TH Triennial Period, 1865-68.—Dr William Carmichael MTntosh, for hi« paper ‘"on 
the Structure of the British Nemerteans, and on some New British Annelids/' pubUidicd in 
the Transactions of the Society. 

5TH Triennial Period, 1868-71.—^Professor William Turner, for his papers "on the Great 
Finner Whale; and on the Gravid Uterus, and the Arrangement of the Foetal Membranes 
in the Cetacea/' published in the Transactions of the Society. 

6th Triennial Period, 1871-74.— Charles William Peach, Esq., for his Contributions to 
Scottish Zoology and Geology, and for his recent contributions to Fossil Botany. 

7TH Triennial Period, 1874-77.— Dr Ramsay H. Traquair, for his paper "on the Structure 
and Affinities of Tristichoptetus alatus (Egerton)," published in the Transactions of the 
Society, and also for his contributions to the Knowledge of the Structure of Recent and 
Fossil Fishes. 

8th Triennial Period, 1877-80.—John Murray, Esq,, for his paper "on the Structure 
and Origin of Coral Reefs and Islands/' published (in abstract) in the Proceedings of 
the Society. 

pTH Triennial Period, 1880-83.—Professor W. A. HerdmaN, for his papers "on the Tuni- 
cata,” published in the Proceedings and Transactions of the Society, 

lOTH Triennial Period, 1883-86.—B. N. Peach, Esq., for his Contributions to the Geology 
and Palaeontology of Scotland, published in the Transactions of the Society. 

ixTH Triennial Period, i886-8q.— Robert Kidston, Esq., for his Researches in Fossil 
Botany, published in the Transactions of the Society. 

12TH Triennial Period, 1889-92.— ^John Horne, Esq., F.G.S., for his Investigations into the 
Geological Structure and Petrology of the North-West Highlands. 

13TH Triennial Period, 1892-95.— Robert Irvine, Esq., for his papers on the Action of 
Organisms in the Secretion of Carbonate of Lime and Silica, and on the solution of these 
substances in Organic Juices. These are printed in the Society's Transactions and 
Proceedings. 

14TH Triennial Period, 1895-98.—Professor J. Cossar Ewart, for his recent Investigations 
connected with Telegony. 

iSTH Triennial Period, 1898-1901.—Dr John S. Flett, for his papers entitled "The Old Red 
Sandstone of the Orkneys" and "The Trap Dykes of the Orkneys," printed in vol. xxxix of 
the Transactions of the Society. 

i6th Triennial Period, 1901-04,—Professor J. Graham Kerr, M.A., for his Researches on 
Ltpid^sir^n parad^xa, published in the Philosophical Transactions of the Royal Society, 
London. 

17TH Triennial Period, 1904-07,— Frank J. Cole, B.Sc., for his paper entitled "A Mono¬ 
graph on the General Morphology of the Myxinoid Fishes, based on a Study of Myxine," 
published in the Transactions of the Society, regard being also paid to Mr Cole's oriier 
valuable contributions to the Anatomy and Morphology of Fishes. 

1ST Biennial Period, 1907-09.— Francis J. Lewis, M.Sc., F.L.S., for his papers in the 
Society's Transactions " On the Plant Remains of the Scottish Peat Mosses.^' 

2 ND Biennial Period, 1909-n.— James Murray, Esq„ for his paper on "Scottish Rotifers 
collected by the Lake Survey (Supplement)," and other papers on the "Rotifera" and 
"Tardigrada," which appeared in the Transactions of the Society—(this Prise was awarded 
after consideration of the papers received within the five years prior to the time of award: 
see NeiU Prise Regulations). 

3RD Biennial Period, 1911-13.—W. S. Bruce, LL.D,, in recognition of the scientific results 
of his Arctic and Antarctic explorations. 

4TM Biennial Period, 1913-15.—R0BKRT Campbell, D.Sc., for his paper on "The Upper 
Cambrian Rocks at Craigeven Bay, Stonehaven," and " Downtonian and Old Red Sand^ 
stone Rocks of Kincardineshire," published in the Transactions of the Society. 

STH Biennial Period, 1915-17*““^, H. Lano, F.R.S., M.B., D.Sc., for his paper in con¬ 
junction with Dr R. KidStoN, F.R.S., on JRhynia Gwynm^ Vaughmi, Kidston and Lang, 
published in the Transactions of the Society, and for his previous investigations on Pteri- 
dophytes and Cycads. 

6t« Bhcnnial Period, 1917-r^.— John Tait, D.Sc., M.D., for his work on Crustacea, 
published in tie Proceedings of the Society, and for his papers on the blood of Crustacea. 

TTH Bxeni<mal Period, 1919-21. —Sir Edward A. Sharpev-Schafer, F.R.S., for his recent 
contributions to our kxiowledge of Physiology, and in recognition of his published work 
extending over a period of fifty years. 



312 Appendix, 

8th Bibknial Period, 1921-23.— John M*Lean Thompson, M.A., D.Sc,, UniverRity of 
Liverpool, for hi«t series of Memoirs on Stftminal Zyg^morphy, and on the Anatomy of the 
Filicales. 

9TH Biennial Period, 1923-25.— Frederick Orpen Bower, F.R.S., for his recent con¬ 
tributions to Botanical knowledge and in recognition of his published work extending over 
a period of forty-five years, 

xoTH Biennial Period, 192^27.—Arthur Robinson, M.D., M.R.C.S., for his contributions 
to Comparative Anato^" and Embryology. 

iiTH Biennial Period, 1927-29.— ^Edward Battersby Bailey, M.C., F.R.S., in recogni' 
tion of his valuable contributions to the Geology of Scotland, two of which have recently 
appeared in the Transactions of the Society. 

I2TH Biennial Period, 1929-31.— Charles Henry O^Donoghue, D.Sc., for his papers on the 
Blood Vascular System,^* and for his earlier work on the Morphology of the carpus 
iuteum" 

13TH Biennial Period. 1931-33,—George Walter Tyrrell, A.R.C.S., D.Sc., for his 
contributions to the Geology and Petrology of Sub-Arctic and Sub-Antarctic Lands. 

14TH Biennial Period, I933'“35.—Samuel Williams, Ph.D., for his contributions to the 
Anatomy and Experimental Morphology of the Ptcridophyta. 

15TH Biennial Period, 1935-37.— William J. Hamilton, M.D., D.Sc., for his contributions 
to the Embryology or the Ferret and other work published in the Transactions. 


IV. GUNNING VICTORIA JUBILEE PRIZE. 

1ST Triennial Period, 1884-87.—Sir William Thomson, Pres. R.S.E., F.R.S., for a 
remarkable scries of papers “on Hydrokinctics,” especially on Waves and Vortices which 
have been communicated to the Society. 

2ND Triennial Period, 1887-90.—Professor P. G. Tait, Sec. R.S.E., for his work iit con¬ 
nection with the “Challenger’’ Expedition, and his other Researches in Physical Science. 

3RD Triennial Period, 1890-93.— ^Alexander Buchan, Esq,, LL.D., for his varied, 
extensive, and extremely important Contributions to Meteorology, many of which have 
appeared in the Society’s publications. 

4TH Triennial Period, 1893-96.—John Aitken, Esq., for his brilliant Investigations in 
Physics, especially in connection with the Formation and Condonation of Aqueous Vapour. 

I ST Quadrennial Period, 1896-1900.—Dr T, D. Anderson, for his discoveries of New and 
Variable Stars. 

2ND Quadrennial Period, 1900-04.— Sir Jambs Dewar, LL.D., D.C.L., F.R.S,, etc,, for his 
researches on the Liqu^action of Oases, extending over the last quarter of a century, and 
on the Chemical and Physical Properties of Substances at Low Temperatures: his earliest 
papers being published in the Transactions and Proceedings of the Society. 

3RD Quadrennial Period, 1904-08,—Professor Gboroe Chrystal, M.A., LL.D., for a 
series of papers on “ Seiches," including “ The H^^drodynamical Theory and Experimental 
Investigations of the Seiche Phenomena of Certain Scottish Lakes." 

4TH Quadrennial Period, 1908-12.—Professor J. Norman Colur, Ph.D., F.R.S,, for his 
distinguished contributions to Chemistry, Organic and Inorganic, durix^ twenty-seven 
years, including his work upon Neon and other rare gases. Professor Collie’s early papers 
were contributed to the Transactions of the Society. 

5TM Quadrennial Period, 1912-16.—Sir Thomas Muir, C.M.G., LL.D., F.R.S., for his 
series of Memoirs upon ’^The Theory and History of Determinants and Allied Fimns," 
published in the Transactions and Proceedings of the Society between the years XS72 aim 

1915- 

6th Quadrennial Period, 1916-20.—C. T. R. Wxuok, Esq., F,R,S., in recognition of his 
important discoveries in relation to Condensation Nuclei, Ionisation of Gates and Atmo¬ 
spheric Electricity. 

7TH Quadrennial Period, 1920-34.—Sir J. J. Tkomscw, O.M., F.R.S., in recogidtion of his 
great discoveries in Physical Science. 

8tb Quadrennial Period, 1924-38.—Professor E. T. Whittaker. F.R.S., in recognition of 
Ms distinguished contributions to Mathematical Sdence, and of Ms promoticHi m Matite* 
matical Research in Scotland. 
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9fTH Qoaorenkial Period, i938-32.-^Emeritus Professor Sir J, Walker, P'.R.S., for 
numerous contributions to Physical and General Chemistry. 

lOTH Quadrennial Period, i932-36.-*-^Profe6sor C. G, Darwin, F.R.S., for his distinguished 
contributions in Mathematical Physics. 


V. JAMES SCOTT PRIZE. 

1ST Award, 1918-22.—Professor A. N. Whitehead, F.R.S., for his lecture delivered on 
June 5, 1922, on **Thc Relatedness of Nature/* 

aND Aw^d, 1922-27.—Sir Joseph Larmor, M.A., D.Sc., LL.D., F.R.S., for his lecture 
delivered on July 4, 1927, on “The Grasp of Mind on Nature.** 

3RD Award, 1927-30. —Professor Niels Bohr, for his lecture delivered on May 26, 1930, on 
“ Philosophical Aspects of Atomic Theory.** 

4TH Award, i 93 t>~ 33 * —Professor Dr Arnold Sommerfkld, for his lecture delivered on May i, 
1933, on “Ways to the Knowledge of Nature.** 

5TH Award, 1933-38.—Professor P. A. M. Dirac, F.R.S., for his lecture delivered on 
February 6, 1939, on “ The Relation between Mathematics and Physics.** 


VI. BRUCE PRIZE. 

SST Award, 1926.— James Mann Wordie, M.A., for his Oceanographical and Geological work 
in both Polar Regions. 

2ND Award, 1928.— H. U. Sverdrup, for his contributions to the knowledge of the Meteorology, 
Magnetism, and Tides of the Arctic, as an outcome of his travels with the Norwegian 
Expedition in the “Maud** from 1918 to 1925. 

3RD Award, 1930,—N. A. Mackintosh, M.Sc., A.R.C.S., for his researches into the Biology of 
Whales in the Waters of the Falkland Islands Dependencies. 

4TH Award, 1932.— Henry Gino Watkins, for important contributions to the topography 
of Spitsbergen, Labrador, and East Greenland, and investigation of the Ice Cap of Green¬ 
land. 

5TH Award, 1936.— James William Slesser Marr, M.A., B.Sc., for his work in the Southern 
Ocean and more particularly for his monograph on the South Orkney Islands, 

6th Award, 1938.— ^Alexander R. Glen, for his work in Spitsbergen, including Survey in 
New Friesland and the completion of the map of North East Land. 


VIL BRUCE-PRELLER LECTURE FUND. 

1ST Award, 1931.—Professor E. T. Whittaker, F.R.S., for his lecture, “James Clerk Maxwell 
and Mechanical Descriptions of the Universe.** 

END Award, 1933.—Professor C. H. Lander, C.B.E., for his lecture on October 23, 1933, on 
“The Lique&ction of CoaI.“ 

3RD Award, 1035.— Professor W. L. Brago, O.B.E., F.R.S., for his lecture on February 4, 
J93S» on * *nc New Crystallography.*’ 

4TH Award, 1937.—Professor H. S. Taylor, F.R.S., for his lecture on June 7, 1937, on “ Heavy 
Hydrogen in Scientific Research.” 


VIIL DAVID ANDERSON-BERRY FUND, 

iST Award, 1935.— Charles Melville Scott, M.A., M.B., D.Sc., for his essay “On the 
Action of X- and Gamma-Rays on Living Cells.** 

END Award, 1938.— Mary A. C. Cowell, M.B., Holt Radium Institute, Manchester, for her 
essay **An Investigation into some of the Factors affecting the Response of Human 
Skin and Human Skin Tumours to Radiation.** 


LVIII, 1937-3^1 fART HL 
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ABSTRACT 

OF 

THE ACCOUNTS 
or 

THE ROYAL SOCIETY OF EDINBURGH, 

SESSION—1ST October 1937 to both Seitembbr 1938. 

£. MACLAGAN WEDDBRBURN, O.B.E., 
D.K.S., LL.D. 

Treasurer, 


t. GENERAL FUND 

1. funds as at September y \dAt Kccowni . . . . 

Deduct —Contributions in advance for 1937-^38 . . * 990 


5 » 

2. Commutation fee fund — 

1 Fellow elected Session 1930-31 ....... 45 3 o 


^13,166 $ 3 

Add income— 

1. Contributions for current Session — 

481 Fellows at ^3> 3s. each . . . ;£i5is 3 o 

Fees of Admission of forty New Fellows 126 00 

First Annual Contribution of forty-one 

New Fellows.129 3 o 

- £1770 6 o 

2. fxtra Contributions for 1937-38 under Amended Law VI.— 

Voluntary Contributions . . • £41 19 o 

Commutation ..... 10 lo o 

- 52 9 o 

3. Interest feceivedf Uniaxed — 

General fund — 

On ;^2roo 2j% Consolidated Stock . ;f52 10 o 

On £9742^ I2S. sd. 2|% Guaranteed 

Stock.267 18 4 

On Deposit Receipts . . . 704 


;f3a7 8 8 

Special Subscription fund — 

On j^ 936 , os. ud. 2 %% Guaranteed 
Stock (1933) • • • • 2 $ 14 ^ 

f. M. Smith Legacy — 

On £sS4f 7^. 2i% Guaranteed 
Stock (1933) .... 15 S o 

Publication fund — 

On ;£2568, 5s. id, af% Guaranteed 
Stock (1933) • • • * 70 12 4 

Commutation fee fund — 

On ;^I98, 8 s. nd. 2f% Guaranteed 
Stock (1933) .... 590 

- 444 9 8 


Rorward 4 8 i£i3.i66 8 i 
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4. Transacitans and Proceedings sold . 

5. Grants — 

Annual Grant from Government . 

Grant from Royal Society from Govern* 
ment Publication Grant . 

Grants from Trustees of the Carnegie 
Trust for the Universities of Scotland 
Other Sources. 

6. Publication Fund —Sale of Volumes 


Deduct Expenditure— 

I. Expenses of Transactions and Proceedings — 
Transactions ..... 

Proceedings ..... 

a. Booksi Periodicals^ Newspapersf etc. 

3. Library Binding ..... 

4, Pesertje for Gregory Memorial Volume 


Forward 4 8 ;^i3,i66 8 i 

T36 17 10 


;^600 o o 
300 o o 


20Z 19 3 
30 o o 


n 33 19 3 

I 6 2 


;^702 l8 I 

584 n 9 

£i2H7 9 10 
243 7 I 

301 8 10 

200 o b 


3 »S 39 7 II 
;^i 6,705 16 o 


5. General Upkeep of Society's Rooms- 

Insurance and Water Rates . 
Repairs and Furnishings 
Heating and Lighting. 

Cleaning .... 
Caretaker's Salary and Uniform 
Charwoman's Wages . 

6. Management — 


Honorarium to General Secretary. 

;^I 00 

0 

Salaries. 

545 

0 

Fee to Treasurer's Clerk 

Society’s Contribution to Staff Pension 

35 

0 

Fund under Universities Scheme 

57 

10 

.State Insurance. 

4 

2 

General Printing and Stationery . 

131 

11 

Telephone. 

19 

9 

Audit Fee ...... 

10 

20 

Tea Expenses at Meetings , 

39 

14 

Postages and Petty Outlays . 
Miscellaneous. 

59 15 
16 13 


7. Extraordinary Expenditure — 

Staircase (West) Carpet^ Final Payment 
Installation and laying of Carpet , 
Dinner to Professor Planck—Deficit 
Clerk Maxwell Inscription . 

8. Commutation Fee Fund — 

Transferred to Special Fund (p. 316) . 


£2H 6 I 

56 o 9 

66 12 9 
17 13 0 
164 3 10 

73 7 2 


o 

o 

o 

o 

4 
2 

5 
o 
o 

6 
9 


£n 18 6 

« 5 I 
3 13 8 
la o o 


£\S 3 


406 3 7 


J019 6 2 


6i 17 s 


^ Arrears of Contributions written off as irrecoverable 


37 16 o 


3,557 8 n 


Funds as at loth September 13,148 7 i 
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Represented 

;^9742, I2S. 5d. 2i% Guaranteed Stock (1933) at cost 
;^2ioo 2j% Consolidated Stock at cost. 

; 65 S 4 f 7d. 2i% Guaranteed Stock (1933) at cost— 

Robert Mackay Smith Legacy .... 
;£‘2568, 5s. id. 2f% Guaranteed Stock (1933) at cost— 
Publication Fund (comprising Peter Guthrie Tait 
Memorial Fund and Dr John Aitkin Fund) 

^^936, 08. 1 id. 2f% Guaranteed Stock (1933) at cost— 
Special Subscription Fund .... 
;£‘i98, 8 s. I id. 2}% Guaranteed Stock 

(1933) at cost .... ;^I54 7 o 

Due by Union Bank of Scotland, Ltd., 

on Deposit Receipt . . . 45 3 o 


;^8,298 I 9 
LI13 o o 

472 8 9 

2,187 9 1 
797 S 2 


Life Membership Commutation Fee Fund . 

Arrears of Contribution at 30th September 
193^^"''— 

Present Session .... £69 6 o 

Previous Session . . . . 25 4 o 


Due by Union Bank of Scbtland, Ltd., on 
Current Account .... 
Cash—Imprest Amount 


199 10 o 

94 10 o 
180 II 4 

IS o o 


13.357 16 I 

Zess —Reserve for Gregory Memorial 

Volume .... ;f2oo o o 
Contributions in Advance for 

193^-39 • - • • 990 

- 209 9 o 

- 7 'i 


In addition the Society owns the Library, Museum, Pictures, etc,, and Furniture in the Rooms 
22 George Street, Edinburgh. 

P^ete — 

Income for current Session as per preceding Accounts . . . £ 3 S 39 7 n 

^ 4 dd —Arrears of Contributions at 30th September 1937 . . . 116 n o 


Deduct—Expenditure for current Session as per preceding 

Accounts. ;^ 3 S 57 ^ H 

Arrears of Contributions at 30th September 1938 94 o 


£ 3^55 n 


3651 18 n 


Surptus for year to y^tk September 1938 £4 o o 


COMMUTATION FEE FUND. 


Year to 30/A September 1938. 

Funds as at 30th September 1937, per last Account.;^I 54 7 o 

Fee received for Life Membership— 

I Fellow elected 1930-31.45 3 o 

Interest received on Investment. 59o 


Deduct — 

Transferred to General Fund (Interest on Investment). 


£^<H 19 o 
5 9 o 


Total Runds 

(included in General Funds, above) 

Represented by — 

4^198, 8s. I id. 2j% Guaranteed Stock (1933) at cost . £i $4 7 0 

Due by Union Bax^ of Scotland, Ltd,, on Deposit Receipt . 45 3 O 


£199 JO o 


199 10 o 
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PUBLICATION FUND. 


{Comprising Peter Guthrie Tait Memorial Fund and Dr John Aitken Fund.) 


Year to ^otk Sepiemhr 1938, 

Funds as at 30th September 1937, per last Account 
Interest Received: Untaxed— 

Peter Guthrie Tait Memorial Fund— 

On ;^1929, 17s, id. 2f% Guaranteed Stock (1933) . 

Dr John Aitken Fund— 

;Cb38, 8s. Guaranteed Stock (1933) . 

Sale of Volumes, Dr John Aitken Fund .... 


• 9 


£S 3 > 4 

17 II o 

- 70 12 

r 6 


2 


4 

2 


Deduct — 

Transferred to General Fund to meet cost of Publication, 
Interest, p. 1 . 

Sale of Volumes, p. 2 . 


;^* 2 S 9 1 7 


12 4 

162 

- 71 18 6 


Total Funds (included in General Fund, p. 3) 

Represented hy — 

2568, 5s. id. 2f% Guaranteed Stock (1933) . 


;^ 2 t 87 9 I 
9 I 


II. PRIZE FUNDS 

Year to %oth September 1938. 

1. Keith Fund — 

Funds as at 30M September 1937, per last Account— 

801, 138. 4d. at % Guaranteed Stock (1933) at cost .... ;f682 16 i 

Balance due by Union Bank of Scotland, Ltd., on Deposit Receipt . 65 10 4 


Interest Received—On Investment 

On Deposit Receipts 


£22 o 10 
o 12 o 


^■748 6 5 


22 12 10 


Deduct —Professor H. S. Ruse 1935-37 Award 
Cost of Gold Medal 


2. Neill Fund — 

Funds as at 30M September 1937, per last Account— 
£370 2f% Guaranteed Stock (1933) at cost 
B^nce due by Union Bank of Scotland, Ltd., on 
Deposit Receipt. 


, £770 19 3 

£^9 o o 

21 O O 

- 50 O O 

£7^0 19 3 

£^^5 2 9 
28 14 2 


Interest received—On Investment 

On Deposit Receipts 


£^o 3 6 
048 


;^343 16 n 
10 8 2 


Deduct^Cciit of Gold Medal 


Mohdougall-Brisbane Fund-^ 

Funds as at ^h September I 937 i per last Account— 
/493, ds. 7d, 2f% Guaranteed Stock (1933) at cost . 
Baiiuu:e due 1 ^ Union Bank of Sootl^d, Ltd., on 
Deposit Receipt. 


;^354 5 t 
21 o o 

- 333 S * 

£4^0 3 8 
38 12 7 


Forward £4$^ x6 3 ^^1054 4 4 
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Forward £4$^ 16 3 

Intere$t received—On Investment • £^3 »J a 

On Deposit Receiptiik . o 8 a 

- 13 19 4 


4. Makerstoun Magnetic Meteorological Observation Fund — 

Funds as at 30M September I 937 j pet Account—- 

;£3o8^ 6s. 9d. af% Guaranteed Stock (1933) at cost . £2(^2 12 5 

Balance due by Union Bank of Scotland^ Ltd., on 
Deposit Receipt . . . . . . 146 18 3 


A09 JO 8 

Interest received—On Investment . ;f 8 9 6 

On Deposit Receipts . 195 

- 9 18 II 


5. Gunning Victoria Jubilee Prize Fund (Instituted by Dr Gunning 
of Edinburgh and Rio de Janeiro)— 

Funds as at 30M September 1937, per last Account— 

;f739, I2S, 5d. 2f% Guaranteed Stock (1933) at cost . ;f629 19 2 

Balance due by Union Bank of Scotland, Ltd., on 
Deposit Receipt . .. 78 17 2 


;f7o8 i6 4 

Interest received—On Investment . . ;f2o 6 8 

On Deposit Receipts o 16 11 

- 21 3 7 


6, James Scott Prize Fund — 

Funds as at 30M September 1937, per last Account—* 

£$<>$} 2j% Guaranteed Stock (1933) at cost . . ;^259 19 10 

Balance due by Union Bank of Scotland, Ltd., on 
Deposit Receipt .. 36 18 i 


;f296 17 n 

Interest received—On Investment . . £^ 7 

On Deposit Receipts . 075 

- 8 15 3 


7. Or IV. S. Bruce Memorial Fund — 

Funds as at 30M September 1937, per last Account— 

;^289, IS. 5d. 2f% Guaranteed Stock (1033) at cost . 246 4 2 

Balance due by Union Bank of Scotlana, Ltd., on 
Deposit Receipt. 57 18 9 


£yo^ 2 11 

Interest received—On Investment . ;^7 18 10 

On Deposit Receipts . 8 10 

- 878 


Deduct —W. S. Morr 1936 Award 
Cost of Bronze Medal . 


^10 o o 
o IS o 


£%\2 10 7 

10 15 o 


8. Bruce-Preller Lecture Fund— 

Funds as at 30M S^tember 1937, per last Account— 

£ 140, 9s. Royal Bank of Scotland Stock, taken over at 

350%.^ 9 * M 

Balance due by Union Bank of Scotland, Ltd,, on 
Deposit Receipt . . , . . , . 33 10 5 


£iosa 4 4 

472 IS 7 


419 9 7 


729 19 II 


30s 13 2 


301 IS 7 


Forward £szs i n ^£3^83 18 a 
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£S^S I ” /3»83 *8 2 


Farwart^ 

Interest received—On Investment (less tax 

ss, 4d.). , . ;fi7 12 a 

On Deposit Receipts . o 8 o 

- i8 o a 

Repayment of Income Tax for year to December 1937 » 5 *9 4 


9. £fr David Anderson'Berry Fund^ 

Funds as at 30M September 1937, per last Account— 

1528, OS. 4d* Local Loans 3% Stock at cost . . pfiooo o o 

Balance due by Union Bank of Scotland, Ltd., on 
Deposit Receipt. 81117 


;fl08l II 7 

Interest received—On Investment . ;^45 x6 8 

On Deposit Receipts . I o 6 

- 46 17 2 

- 1128 8 9 


Total Funds 


Fepresented by — 

21307» 5 ®’ ^i% Guaranteed Stock (1933) at cost 

1528, os. 4d. ijocal Loans 3% Stock at cost 

140, 9$. Royal Bank of Scotland Stock, taken over at 

350%. 

Due by Union Bank of Scotland, Ltd., on Deposit 
Receipt ......... 


£2^16 18 
1000 o 

491 n 

652 18 


1 

o 

6 

9 


;£496i S 4 


£4961 8 4 


M?*.—Under the Will of the late Professor Charles Piaezi Smyth and his wife, the Society will, 
on the expiry of certain liferents, become entitled to payment of the residue to be 
applied as set out in the will. 

Edinburgh, 14M October 1938.—^We have examined the preceding Accounts of the Treasurer 
of the Royal Society of Edinburgh for the Session I937“*938| and have found them to be 
correct. The Investments held for the General Fund and the Prize Funds as shown in the 
foregoing Accounts have been verified by us as at 30th September 1938. 


LINDSAY, JAMIESON & HALDANE, C.A., 
Auditors* 
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VOLUNTARY CONTRIBUTOR who has made a Single Payment 
under Law VI (end of para. 3). 

Harry Richardson, Esq .;^io 10 o 


VOLUNTARY CONTRIBUTORS under Law VI (end of para. 3), 

to 30th September 1938. 


Sir James Barr 


I 

0 

Carried forward - /22 1 

0 

Emeritus Professor F. O. Bowkr, 




Dr George McGowan 

I I 

0 

F.R.S. 

i 

1 

0 

Emeritus Professor J. MacKinnon 

1 i 

0 

Principal 0 . C. Bradley . 

1 

I 

0 

Principal D. Mallik 

t I 

0 

Or G. S. Brock 

I 

I 

0 

Dr H. R. Mill 

I I 

0 

Emeritus Professor E. W. W. 




Professor J. Miller . 

1 t 

0 

Caruer , . . . 

1 

1 

0 

Dr A. Morgan 

I I 

0 

Professor E. G, Coker, F.R.S. . 

1 

1 

0 

R. C. Mossman, Esq. 

I 1 

0 

Emeritus Professor J. N. Collie, 




Professor Wm. Peddie 


0 

F.R.S. 

I 

1 

0 

J. S. PiRiB, Esq. 

I X 

0 

L, MacQuren Douglas, Esq. . 

I 

I 

0 

A, G, Ramaoe, Esq. 

I I 

0 

Dr Oswald Fergus 

I 

I 

0 

Tames Russell, Esq, 

1 X 

0 

Dr R. A. Fleming . 

I 

I 

0 

Edward Smart, Esq. 

I X 

0 

J. S. Ford, Esq., 1937-38.1938-39 

2 

2 

0 

Charles A. Stevenson, Esq. . 

1 1 

0 

Alexander Fraser, Esq, 

I 

I 

0 

Dr H. F. Stockdale 

X X 

0 

Dr W, F. Hume 

I 

X 

0 

G. Sutherland Thomson, Esq. 

I X 

0 

Dr G. R. Jeffrey . 

I 

1 

0 

R. T. Thomson, Esq. 

1 X 

0 

Professor J, Graham Kerr, F.R.S, 

1 

1 

0 i 

Very Rev. Dr L, MacLean Watt 

1 X 

0 

Archibald Kino, Esq. , 

1 

1 

0 

Wm. Williamson, Esq. . 

X r 

0 

F, H. Liohtbody, Esq. 

1 

I 

0 ; 

Frank W. Young, Esq. . 

1 I 

0 

Dr P. McBride, 1935-36 to 1937- 




— 


— 

38 . 

3 

3 

0 

Total . £41 19 

0 


£22 

I 

0 



Singfle payment.;^io 10 o 

Other payments . . . • . . 41 19 o 


Total . £$2 9 o 
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THE COUNCIL OF THE SOCIETY. 

October 1938* 


President. 

Professor Sir D'ARCY WENTWORTH THOMPSON, Kt, C.B,, D.Litt., 
Hon, D.Sc., LL.D„ F.R.S. 

Vice-Presidents, 

Professor F. A. E. CREW. M.D.. D.Sc.. Ph.D. 

Lt.-Col. a. G. McKENDRICK. M.B., D.Sc.. F.R.C.P.E. 

Principal J. C. SMAIL, O.B.E., Companion Inst.E.E. 

Professor JOHN WALTON, M.A., D.Sc. 

JAMES WATT, W.S., LL.D. 

Professor E. T. WHITTAKER, M.A., Hon. Sc.D., LL.D., F.R.S, 
General Secretary, 

Professor JAMES P. KENDALL, M.A„ D.Sc., F.R.S. 

Secretaries to Ordinary Meetings. 

ALEXANDER C. AITKEN, M.A., D.Sc., F.R.S. 

CHARLES H. O'DONOGHUE, D.Sc. 

Treasurer. 

E. MACLAGAN WEDDERBURN, O.B.E., LL.D., D.K.S. 

Curator of Library and Museum, 

LEONARD DOBBIN, Ph.D. 


Councillors. 

I Emeritus Professor C. T. R. WILSON, 


JOHN E. MACKENZIE, D.Sc, 
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HIS MOST EXCELLENT MAJESTY THE KING. 


FELLOWS OF THE SOCIETY, 

Corrected to z^tk October 1938. 
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N.B -—Those marked * are Annual Contributors. 

„ M t haxfe commuted Voluntary Contribution {see yrd Paragraph^ Law Vi). 


Pfttc of 
BlecUos 

*925 

1SS9 

1927 

1920 

1938 

1920 

*905 

190$ 

mo 

ms 

1906 

1910 

J933 
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I93« 

1920 

1930 

1896 


M-B. prefixed to a name indicates that the Fellow has received a Makdougall-Brisbane Medal. 


K. 

N. 

V. X 

B. 

BP, 
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„ Keith Medal. 

NeiU Medal. 

„ the Gunning Victoria Jubilee Prise. 

„ Bruce Medal. 

„ Bnice-Prellef Lectureship, 

has contributed cme or mm's Communications to the 
Society's TxAHaAcnoNS or PxocsxDiNoa. 


M-B, 

C. 

C. 


C. 

M-B. 


C. 

M-B. 


C. 


C. N. 
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* Aitken, Alexander Craig, M.A., D.Sc., F.R.S. (Secretary to Ordinary 

Meetings), Lecturer in Actuarial Science, University of Edinburgh (i6 
Chambers Street). 54 Braid Road, Edinburgh 10 
t Alison, John, M.A., LL.D., formerly Head Master, George Watson’s College. 
136 Craiglea Drive, Edinburgh 10 

* Allan, Douglas Alexander, D.Sc», Director, City of Liverpool Public Museums, 

William Brown Street, Liverpool 

* Allen, Herbert Stanley, M.A. (Cantab.), D.Sc. (London), F.R.S., Professor 

of Natural Philosophy, University of St Andrews 

* Anderson, Charles Henry William Gatacre, B.Sc. (Edin.), Headmaster and 

Superintendent, Royal Blind School, Edinburgh. 12 West Savile Road, 
Edinburgh 9 

* Anderson, Ernest Masson, M.A., D.Sc., F.G.S,, 62 Greenbank Crescent, 

Edinburgh 

Anderson, wlliam, M.A., formerly Head Science Master, George Watson’s 
College, Edinburgh. 6 Ivockharton Crescent, Edinburgh 11 
Andrew, George, C.B.E., M.A., B.A., H.M.I.S., (retired). Hamewith, 
Kilmacolm, Renfrewshire 

* Annan, William, M.A., C.A., Professor of Accounting and Business Method, 

University of Edinburgh (South Bridge). Tofthill, Ferry Road West, Edin¬ 
burgh 5 

Anthoiw, Charles, M.Inst.C.E., M.Am.Soc.C.E., F.R.San.L, F.R.Met.S., 
F.R.A.S., F.CI.S., Springcroft, Les Croutes, St Peter Port, Guernsey, 
Channel Islands 

Appleton, Colonel Arthur Frederick, F.R.C.V.S. (no permanent address until 
further notice) 

Arcmbald, £. H., B.Sc., Professor of Chemistry, University of British Columbia, 
Vancouver, Canada 

* Amot, Frederick Latham, B.Sc. (Sydney), Ph.D. (Cantab.), Lecturer in Natural 

Philosophy, University of St Andrews. Yirdlag, Hepburn Gardens, St 
Andrews 

* Arthur, William, M.A., l^ecturer in Mathematics, University of Glasgow. 148 

Carmunnock Road, Cathcart, Glasgow 

* Bacsich, Paul, M.D. (Szeged, Hunga^), Lecturer in Human Embryology, 

University of Glasgow. 81 Crown Road South, Glasgow, W. 2 

* Bagnall, Richard Siddoway, Hon. D.Sc., F.R.E.S., 3 St Helen’s Terrace, Low 

Fell, Co. Durham 

* Bail^, Edward Battersby, M.C., M.A., D.Sc, (Harvard), F.R.S., F.G.S, [ 

Director, Geological Survey of Great Britain and Museum of Practioal{ 
Geology, Exhibition Road, London, S.W. 7 I 

t Baily, Frands Gibson, M.A., M.Inst.£.£., Emeritus Professor of Electrical [ 
Engineering, Heriot-Watt College, Edinburgh. Newbury, Juniper Green, { 
Midlothian I 


Serviea on 
Council, etc. 

I 934 - 36 * 

Sec. 

1936- 


1921-24. 


»93S-37. 

i 909 -M. 

V-P 

1999-3*. 
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1931 

*93* 

1921 

1938 

*905 


C. 
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*933 

* 93 « 

1928 

1886 

*903 

1922 


1929 


1914 


C. 


*937 

1927 

*904 

1921 

* 9*7 

* 9*9 

*936 

1913 

tm 


i»97 


C 


>«93 


c. 




* fifttn, Davidj M.Sc, (Mftnch.)> D.Sc. (Edin.), Lecturer in Technical Chemistryi 

University of Edinburgh (West Mains Road). 87 Cluny Gardens, Edin¬ 
burgh 10 

* Bain, WuUani Alexander, Ph.I),, Reader in Pharmacology, School of Medicine, 

University of Leeds. 26 Weetwood Road, Headingley, Leeds 6 

* Baird, Sir William Macdonald, Kt., J.P., Fellow and Past President of the 

Faculty of Surveyors of Scotland, F.S.A.Scot. Dalvcen, Barnton Avenue, 
Davidson’s Mains, Edinburgh 4 

* Baker, Bevan Braithwaite, M.A., D.Sc., Professor of Mathematics, Royal 

Holloway College, Engleheld Green, London 

* Baker, Edwin Arthur, D.Sc, (Edin.), Assistant at the Royal Observatory, Edin¬ 

burgh. 17 Ladysmith Road, Edinburgh 9 
Balfour-Browne, William Alexander Francis, M.A., F.Z.S,, F.L.S., F.R.E.S., 
F.R.M.S., Barriater-at-Law, formerly Professor of Entomology, Imperial 
College of Science, London. Hook Place, Burgess Hill, Sussex 

* Baneriee, Prabodh Chandra, L.R.C.P.E., L.R.C.S.E.,F.R.F.P.S.G., F.A.C.S., 

Major, l.M.S. C/o Lloyds Bank, Ltd., loi-i Clive Street, Calcutta, 
India 

I * Bannerman, David Armitage, M.B.E., Sc.D,, M.A. (Cantab.), Supernumerary 
Staff, Department of Zoology, British Museum (Nat. Hist.). 7 Pembroke 
Gardens, Kensington, London, W. 8 

Barbour, George Brown, M.A. (Edin.), M.A. (Cantab.), Ph.D., F.G.S., 
Department of Geology, University of Cincinnati, Ohio, U.S.A. 

Barclay, A. J. Gunion, M.A., 44A Belsize Park Gardens, Hampstead, London, 
N.W. 3 

Bardswell, Nogl Dean, M.V.O., M.D., M.R.C.P. (Edin. and Lend.) (no per¬ 
manent address until further notice) 

* Barger, George, M.A., D.Sc., Dr k, c. (Padua), Hon. D.Sc. (Liverp.), 

Hon. M.D. (Heidelberg), LL.D. (Michigan), F.R.S., Regius Pro- 
fessor of Chemistry, University of Glasgow, W. 2. 76 John Street, 
Helensburgh 

* Barker, Sydney George, O.B.E., D.I.C., F.Inst.P., Scientific Advisor, Indian 

Jute Mills Association. 191 Coombe Lane, Wimbledon, London, 
S.W. 20 

Barkla, Charles Glover, M.A., D.Sc., F.R.S., Professor of Natural Philosophy, "j 
University of Edinburgh (Drummond Street), Nobel Laureate, Physics, Y 
1917. 4 Church Hill, Edinburgh 10 j 

* Barnett, Adam John Gullbcrt, B.Sc., Ph.D. (Edin.), Lecturer in Chemistry, 

Education Department, Lagos, Nigeria, B.W.A, 

* Barnett, John, F.F.A., C.A., Scottish Widows' Fund Life Assurance Society, 

9 St Andrew Square, Edinburgh 2 

Barr, Sir Tames, M.D., LL.D., F.R.C.P., Wildcroft Manor, Putney 

Heath, London, S.W. 15. [Diedi 16M November 1938) 

* Bartholomew, John, M.C,, M.A., F.R.G.S., Geographical Institute, Duncan 

Street, Edinburgh. The Manor House, Inveresk 

* Bastow, St^hen Everard, M.lnstE.E., M.Inst.Min.E. Northwood, Russell 

Place, Trinity, Edinburgh 5 

* Bath, Frederick, Ph.D., Lecturer in Mathematics, University of Edinburgh 

(x6 Chambers Street) 

* Bayliss, Leonard Ernest, B.A., Ph.D., Lecturer in Biophysics, University of 

Edinburgh (Teviot Place). 52 Palmerston Place, Edinburgh 12 
t Beard, Joseph, F.R.C.S.E., M.R.C.S., L.R.C.P., D.P.H. (Cantab.), formerly 
M^ical Officer of Health, City of Carlisle. 8 Carlton Gardens, Carlisle 
Beare, Sir Thomas Hudson, Kt., J.P., D.L., B.A., B.Sc,, LL.D. (Edin.), 1 
M.Inst.C.E., Hon, M.I.Mech.E., Professor of l^gineering, University ) 
of Edinburgh (Sanderson Engineering Laboratory, Mayfield Road), 10I 
Regent Terrace* Edinburgh 7 I 

Beattie, Sir John Carruthers, K.B., D.Sc., LL.D,, formerly Vice-Chancellor 
and Principal, The University, Cape Town 
Becker, Ludwig, Ph.D., Fmteritus Regius Professor of Astronomy, University of 
Glasgow. The Observatory, Dowanhitl, Glasgow 

* Begg, James Livingstone, F.G.S. (Treasurer, Geological Society of Glasgow). 

Elms, Mount Vernon, Glasgow 

* Bell, Robert John Tai&sh, M.A., D.Sc«, LL.D. (Glas.), Professor of Mathe¬ 

matics, University of (Otago, Dunedin, New 2 !ealand 


Servtoe on 
Cottnoil, etc. 


1925-28. 


* 9 * 5 -* 8 * 

I924-*7. 


1925-28. 


1907-09, 

V-P 

*909-* Si 
1923-26, 



324 

Date of 
Blactioii 
1939 

*936 

j 

1897 

1938 

1932 

1937 

1937 

1936 

*933 

* 9*5 

*937 

1935 

1886 

1936 
1907 

193a 

1918 

I 

*^93 

*938 

1937 i 

*934 

1907- 

1936 


Appendix, 


c. 


c. 


c. 


Ja N, 


* Bennet, Georp;e, A.H.'W.C., B.Sc., AaM.I.Mech.E., Lecturer in Mechanical 

Engineering, Heriot-Watt College. 68 Arden Street, Edinburgh xo 
Berry, John, M.A. (Cantab.), Fh.D, (St Andrews), Superintendent, 
Fisheries Research .Station, University College, Southampton. Tayfield, 
Newport, Fife 

Berry, Sir George A., M.B., C.M., LL.D., F.R.C.S.E., King's Knoll, North/ 
Berwick • | 

Berry, Richard J. A., M.D., F.R.C.S.E., Director of Medical Services, Stoke 
Park Colony, Stapleton, Bristol. Rufford, Canford Lane, Westbury-on- 
Trym, Bristol 

* Beveridge, Alexander William Morton, formerly Treasurer of the Bank of Scot¬ 

land, and 6 x officio Chairman of the Managers of the Banks in Scotland. 
44 Inverleith Place, Edinburgh 4 

* Bhatia, Sohan Lai, M.C., M.A., M.D. (Cantab.), M.R.C.P., Major, LM.S., 

Professor of Physiology and Dean, Grant Medical College, Bombay. Two 
Gables, Mount Pleasant Road, Malabar Hill, Bombay, India 

* Biswas, Kalipada, M.A., D.Sc.(£din.), Superintendent Royal Botanic Garden, 

C^cutta, India 

* Blackie, Joseph John, Ph.D. (Edin.), F.C.S., F.I.C., a Partner in Messrs 

Duncan, Flockhart and Co., Chemical Manufacturers, 104 Holyrood 
Road, Edinburgh 8 

* Blair, Duncan MacCallum, M.B., Ch.B, (Glas.), D.Sc. (Lend.), Regius Pro¬ 

fessor of Anatomy, Universitv of Glasgow. 2 The University, Glasgow, 
W.a 

* Bolam, Thomas Robert, M.Sc. (Bristol), D.Sc. (Edin.), Lecturer in Chemistry, 

University of Edinburgh (West Mains Road), 8 Wilton Road, Edinburgh 9 

* Boon, Alfred Archibald, D.Sc., B.A., F.I.C., Emeritus Professor of 

Chemistry, Heriot-Watt College, Ednburgh. 87 Warrendcr Park Road, 
Edinburgh 9 

* Bom, Max, M.A. (CantabJ, Hon. D.Sc. (Bristol), Dr.phil. (Gdttingen), Tait 

Professor of Natural Philosophy, University of Edinburgh (Drummond 
Street). 84 Grange Loan, Edinburgh 9 

* Bose, Sahay Ram, M.A., D.Sc., F.L.S., Professor of Botany, Carmichael 

Medical College, Belgachia, Calcutta, India f 

Bower, Frederick Orpen, M.A., D.Sc., LL.D., F.R.S., F.L.S., Emeritus I 
Regius Professor of Botany, University of Glasgow. 3 The Crescent,^ 
Ripon, Yorks j 


Braid, Kenneth William, M.A. (Cantab.), B.Sc., Professor of Botany, West of 
Scotland Agricultural College, 6 Blythswood Square, Glasgow 
t Bramwell, Edwin, M.D,, LL.D., F.R.C.P. Edin. and Lond., formerly Professor 
of Clmical Medicine, University of Edinburgh. 33 Drumsheugh 
Gardens, Edinburgh 3 

* Brash, James Couper, M.C., M.A., M.B., Ch.B. (Edin.), M.D. (Birm.), 

Professor of Anatomy, University of Edinburgh (Teviot Place) 

" Bremner, Alexander, M.A., D.Sc*, formerly Headmaster, Demonstration 
School, Training Centre. Aberdeen. 13 Belgrave Terrace, Aberdeen 
Brock, G. Sandison. M.D., F.R.C.P.E*, Greenbanks, St Saviour's, Jersey, 
C.I, 

** Brook, Geoffrey Bernard, D.Sc. (Vet, Sci.), F.R.C.V.S,, Health of Animals 
Division, Ministry of Agriculture, London, S.W. 1 
** Brook, Geor^ Bernard, F.I.C,, F.C.S., Chief Chemist to the British Aluminium 
Co,, Ltd., London. The Auld Manse, Onich, Inverness-shire 

* Brough, Patrick, M.A., B.Sc. (Glas.), D.Sc. (Sydney), Lecturer in Botany, 

University of Sydney, N.S.W. 

Brown, Alexander, M.A., B.Sc., Professor of Applied Mathematics, Univerdty, 
Cape Town 

* Brown, Andrew Johnstone, F.R.C.S., L.R.C.P., L.D.S. (Edin.), lecturer 

Metallur^, Tutor in charge of Ansesthetic Department and Dethonstrator 
in Radiology, Edinburgh Dental Hospital ana School. 51 Minto Street> 
Edinburgh 9 


CouodI, etc. 


19x6-19. 
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X919-33. 


1887-90, 

1893-96, 

1907-09, 

i 9 i 7 -* 9 . 
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1910-16. 
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1919-34. 


1935-38. 


* 933 - 35 * 
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192B 

1924 

1923 
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1912 
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*936 

1917 
1930 

1896 
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19x0 

^893 

1926 

1933 

1905 

1921 

1918 
* 9*5 

19*7 

^899 

1938 

X9^P 

*931 

1905 


C, 


C. K. 


C. 

c. 


c. 


c. 

M-B. 


C. 


C N. 


C, 


c. 



* Brown, Archibald Gray Robertson, F.F.A., Manager and Actuary of the 

lafe Association of Scotland. Barnshalloch, 30 Gillespie Road, Colinton 
Edinburgh 13 

* Brown^ Hugh Wylie, F.I.A., F.F.A., i Cobden Crescent, Edinburgh 9 

* Brown, Thomas Arnold, M.A., B.Sc., Professor of Mathematics, University 

College, Exeter 

* Brown, Walter, M.A,, B.Sc., Professor of Mathematics, University, Hong 

Kong, China 

* Brownlie, James Law, M.D. (Glos.), D.P.H,, M.R.C.P.E., formerly Chief 

Medical Officer, Department of Health for Scotland. C/o Mr Ross, 
Rannoch, 17 Ophtr Road, Bournemouth, Hants 

* Bruce, Alexander, B.Sc. (EdinJ, Government Agricultural Chemist and City 

Analyst, The Laboratory, Turret Road S., Colombo, Ceylon 
Bruce, Alexander Ninian, D.Sc., M.D., 8 Ainslie Place, Edinburgh 3 

* Bruce, Sir Robert, Kt, D.L., J.P., LL.D., formerly Editor of the G/as^ow 

Herald, Brisbane House, 9 Rowan Road, Glasgow, S. i 

t Bryce, Thomas Hastie, M.A., M.D. (Edin.), LL.D., F.R.S., Emeritus Professor^ 
of Anatomy, University of Glasgow. The Loaning, Peebles 

* Bryden, William, M.Sc., B.A., Ph.D. (Edin.), Union House, The University, 

Melbourne, S. Australia 

* Burnside, George Barnhill, M.Inst.Mcch.E., Fairhill, DuUatur 

* Burt, David Raitt Robertson, B.Sc. (St Andrews), F.L.S., Lecturer in Zoology, 

Ceylon University College, Colombo 

Butters, John W., M.A., B.Sc., formerly Rector of Ardroasan Academy. 116 
Comiston Drive, Edinburgh 10 

* Caldcr, Alexander, Ph.D., Chief Marketing Officer, Pig Marketing Board, 

Thames House, Millbank, London, S.W. i 
Calderwood, Rev. Robert Sibbald, D.D,, formerly Minister of Cambuslang, 
84 Findhorn Place, Edinburgh 9 

Calderwood, W. L., I.S.O., formerly Inspector of Salmon Fisheries of Scotland. 
Ardnacoille, Carr Bridge, Inverness-shire 

* Cameron, Alfred Ernest, M.A., D.Sc. (Aberd.), Steven Lecturer in Agricultural 

and Forest Zoology, University of Edinburgh (10 George Square). 8 West 
Savilc Road, Edinburgh 9 

* Cameron, Finlay James, F.F.A., F.I.A,, General Manager, Caledonian Insur¬ 

ance Company, Beech Knowe, Bamton, near Edinburgh 
Cameron, John, M.D., D.Sc., M.R.C.S., formerly Professor of Anatomy, Dal- 
housie University, Halifax, Nova Scotia. Balmashanner, Grove Road, 
East Cliff, Bournemouth 

* Campbell, Andrew, Advisory Chemist, c/o Burmah Oil Co., Ltd., Research 

Laboratory, Fairlawn, Honor Oak Road, Forrest Hill, London, S.E, 30 
Foxgrove Road, Beckenham, Kent 

* Campbell, John Mensies, D.D.S. (Toronto), L.D.S. (Glas.), L.D.S. (Ontario), 

F.I.C.D,, 14 Buckingham Terrace* Glasgow, W. 

* Campbell, Robert, M.A,, D.Sc., F.G.S., Reader in Petrology, University 

of Edinburgh (Grant Institute of Geology, West Mains Road). Maryton, 
Colinton 

* Cannon, Herbert Graham, M.A., Sc.D. (Cantab.), D.Sc. (Lond.), M.Sc. 

(Mane.), F.R.S,, F.L.S., Beyer Professor of Zoology, University of 
Manchester. H<^Un Knowle, Chapel-en*le-Frith, Der^shire 
earlier, Edmund W, W., B. ts Sc., M.Sc., M.D., F.R.E.S., Emeritus Professor 
of Physiology, University of Birming^m. Morningside, Dorridge, near 
Birmingham 

* Carlow, Charles Augustus, Manning Director, Fife Coal Co., Ltd., President 

of the Institution of Mining fiigmeers. Linnwood Hall, Leven, Fife 
Carnegie, Col. David, C.B.E., J.P., M.Inst.C.E., The Haven, Seasalter, 
Vratstable 

* Carroll, John Anthony* M.A., Ph.D. (Cantab.), Professor of Natural Philosophy, 

Umversity of Al^rdeen. Marischal College, Aberd^ 

Carte, George Alexander, M.A., D.Sc*, Reader in Natural Philosophy, Uni- 
vertity of Edinburgh (Drummond Street). 3 Middleby Street, Edin* 
burgh 9 


Service on 
Coondl, etc. 


19x1-14, 

1922-25, 

1925-28. 


1923-26. 


1920-23. 
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t932 C. 


1925 C. 


1928 c. 


1936 c. 


1904 c. 


1888 c. 

V. J. 


1909 c. 


1924 c. 


Carslaw, Horatio Scott, M.A., Sc.D, (Cantab.), D.Sc., LL.D, (Glas.), Emeritus 
Professor of Mathematics, University of Sydney, New South Wales. 
Burradoo, New South Wales 

* Carswell, John Irvine, B.Sc., Ph.D., A.M.Inst.C.E., A.M.Inst.Mech.E,, | 

Lecturer in Engineering, University of Edinburgh (Sanderson Engineer* 
ing Laboratory, MayfieM Road). 43 Mansionhouse Road, Edinburgh 9 

* Carter, George Stuart, M.A.;*Ph.D., Corpus Christi College, Cambridge 

* Cathcart, Edward Provan, C.B.E., M.D., D.Sc., LL.D., F.R.S., Professor of 

Physiology, University of Glasgow. 28 Hillhead Street, Glasgow 
^Childe, Vere Gordon, B.A., B.Litt., D.Litt. (Harvard), Hon. D.Sc. 
(Pennsylvania), F.R.A.I., F.S.A., Professor of Prehistoric Archaeology, 
University of Edinburgh (14 Chambers Street) 

** Chumlcy, James, M.A., Ph.D., formerly Lecturer in Oceanograp^, Depart¬ 
ment of Zoology, University of Glasgow. Thalassa., Milton Road East, 
Portobello, Midlothian 

* Clark, Alfred Joseph, M.C., B.A., M.D., F.R.S., Professor of Materia Medica, 

University of Edinburgh (Teviot Place). 67 Braid Avenue, Edinburgh 10 

* Clark, Arthur Melville, M.A. (Edin.), D, Phil. (Oxon.), Lecturer in Ei^Hsh 

Literature, University of Edinburgh. 34 Bruntsfield Gardens, Edin¬ 
burgh 10 

Clark, John Brown, C.B.E., J.P., M.A., LL.D., formerly Head Master of | 
George Heriot^s School. Garleffin, 146 Craiglea Drive, Edinburgh xo j 

* Clark, Robert Selbie, M.A., D.Sc. (Aberd.), Scientific Superintendent, Fishery 

Board for Scotland. The Cottage, Murtle, Aberdeenshire 

* Clark, Sir Thomas, Bart., Publisher, Head of T. & T. Clark, Ltd. 6 Wester 

Coates Road, Edinburgh xa 

Clayton, Thomas Morrison, M.D., D.Hy., B.Sc., D.P.H,, Medical Officer of 
Health, Greenesfield House, Gatcshcad-on-Tyne 

* Clouston, David, C.I.E., M.A., B.Sc. (Agric.), D.Sc., formerly Director, Im¬ 

perial Agricultural Research Institute, Pusa. Forthview, Boswall Road, 
Edinburgh 5 

* Cockburn, Alexander Murray, Ph.D. (Edin.), Assistaxtt, Geological Department, 

University of Edinburgh (Grant Institute of Geology, West Mains Road). 
53 Ladysmith Road, Edinburgh 9 

Coker, Ernest George, M.A. (Cantab.), D.Sc. (Edin.), Hon. D.Sc. (Sydney end 
Louvain), M.Sc. (McGill), F.R.S., M.Inst.C.E., M.I.Mech.E., Emeritus i 
Professor of Civil and Mechanical Engineering, University of London. 
Engineering Laboratories, 3 Famley Road, Chingford, London, E. 4 
Coles, Alfred Charles, M.D., D.Sc., York House, Poole Road, Bourne¬ 
mouth, W. j 

Collie, John Norman, Ph.D,, D.Sc., LL.D., F.R.S., F.C.S., F.I.C., Emeritus 
Professor of Organic Chemistry, University College, Gower Street, London. 
20 Gower Street, London, W.C. 1 

* Colquhoun, Sir Iain, K.T., Baronet of Colquhoun and Luss, D.S.O., LL.D., 

Rector, University of Glasgow, 1934-37. Rossdu, Luss i 

Comrie, Peter, M.A., B.Sc,, LL.D., formerly Rector, Leith Academy. 19 
Craighouse Terrace, Edinburg 10 

* Cooper, The Rt. Hon. Thomas Mackay, O.B.E., K.C., M.P., M.A,, LL.B,, 

His Majesty^s Advocate for Scotland, 7 Abercromby Place, Edinburgh 3 
Copson, Edward Thomas, M.A. (Oxon.), D.Sc. (Edin.), Professor of Mathe¬ 
matics, University Coliege, Dundee (University of St Andrews). 14 
Balmyle Road, Broughty Ferry, Dundee 

* Cousland, Charles Johnstone, formerly President, Royal Scottish Society of Arts, 

Achray, Kinnear Road, Edinburgh 4 

* Coutie, Rev. Alexander, B.Sc., Ph.D., Minister, Church of Scotland, 

Watten, Caithness 

Coutts, William Barron, M.A,, B.Sc., F.Inst.P., Assistant Professor of Fire 
Control Instruments, Military College of Science, Woolwich, S.E. l8, 
Craigmillar, 70 Cambridge Drive, I^ndon, S.E. X2 
Cowan, Alexander, M.A. (Cantab.), Papermaker, Valkyfield, Penicuik, Mid* 
lothian 

* Cowan, John Macqueen, M.A., D.Sc. (Edin.), B.A. (Oxon,), FX.S., Assistant 

Keeper, Royal Botanic Garden, ^^inburgh. xy Inverlelth Place, Edin¬ 
burgh 4 


Service on 
CouDoU, etc. 


1933-35- 


1928-1931, 

V-P 

193^-34 
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Btootion] 

*935 

1^16 


190 S 

*935 


C. K. 


1937 


*933 

*903 


* Cowan, Samuel Hunter, Lt.-Col. R. E., Lecturer in Forestry Engineering, 

University of Edinburgh (George Square), New Club, Edinburgh * 
t Craig, E. H, Cunningham, B.A. (C^tab.), Geologist and Mining Engineer, 
The Dutch House, Beaconsheld 

Craig, James Ireland, M.A., B.A., 88 Sharia Kasr el Eini, Cairo, Kg^t 
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Agra (U.P.), India 

* Dewar, John Michael, M.D. (Edin.), M.R.C.P.E. 5 Chalmers Street, Edin¬ 
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Dyson, Sir Frank Watson, K.B.E., M.A., D.Sc., LL«D., former^ 
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* Fairweather, James Falconer, W.S., N.P., Fiscal of the Society of Writers to the 

Signet. 14 Henderland Road, Edinburgh 12 
Falconer, John Downie, M.A., D.Sc., F.G.S., formerly Director of the Geo¬ 
logical Survey of Nigeria. The Cedars, Hatton Road, Harlington, 
Hayes, Middlesex 

* Feldman, William Moses, M.D., B.S., F.R.C.P,, F.R.A.S., Senior Physician, 

St Mary’s Hospital for Women and Children, Plaistow. 851 Finchley 
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Department, Edinburgh and East of Scotland College of Agriculture, 
13 George Square, Edinburgh 8 
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* Finlay, Thomas Matthew, M.A., D.Sc. (Edin.), Lecturer in Paleontology, 
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University College, Dundee. Cumbrae, Oxford Street, Blackness, Dundee 
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^Fraser, David Kennedy, M.A., B.Sc., Psychologist to Glasgow Education 
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* Fraser, George, Chartered Civil Engineer, M.InstC.E., M.I.Struct.E. 3 $ 
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* Fraser^ Sir Tbhm K.C.V.O., M.C., M.D., Gh-M., F.R.C.S.E., Regius Professor 
of Climcai Surgery, University of Edinburgh (Royal Infirmary). 20 Moray 
Place* Edinburgh 3 

* Fraser, Kenneth, M.D. (Edin.)* D.P.H. (Cantab.), D.T.M. (Edin.), County 
Medical Officer of H(^th,Comberlana. The Crdit, Scotby, near Carlisle 
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* Gardner, John Davidson, B.Sc,, A.M,Inst.C.E.. Partner, Gardner & Oswald, 
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* Garry, Robert CampbeU, M,§., Ch.B., D.Sc. (Glas.), Professor of Physiology, 

University College (University of St Andrews), Dundee. 58 Seofield 
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* Geddes, Alexander Ebeneaer McLean, O.B.E., M.A,, D.Sc., Lecturer in 

Natural Philosophy, University of AWdeen. la Louisville Avenue, 
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t Geddes, Rt Hon. Sir Auckland Campbell, P.C., G.C.M.G., K.C.B., M.D,, 
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* Goyal, Ram Kumar, M.B., B*S. (Punjab), M.R.C.P., M.R.C.S., Ph.D. (Edim), 

Research Worker, School of Tropical Medicine, Calcutta, India 

* Grabham, George Walter, O.B.K., M.A. (Cantab.), F.G.S., Government 
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Graham, Robert James Douglas, M.A,, D.Sc,, Professor of Botany, University 
of St Andrews 

* Grant, Robert, J.P,, Publisher (Oliver & Boyd), Edinburgh. 6 Kilgraston 
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* Grant, Ronald, Ph.D. (Edin.)i Department of Zoology, University of Chicago, 

TIL, U.S.A. 

* Gray, William Forbes, F.S.A.Scot., 8 Mansionhouse Road, Edinburgh 9 

* Green, George, M.A., D.Sc. (Glas.), Lecturer in Applied Physics, University of 
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* Greenlees, James Robertson Campbell, M.A., M.B., B.C. (Cantab.), Head¬ 
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* Greenwood, Alan William, D.Sc. (Melb.), Ph.D. (Edin.), Lecturer in the 
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Greig, Edward David Wilson, C.I.E., M.D., D.Sc., Lt.*Col., LM.S. (retired), 
38 Coates Gardens, Edinburgh 12 
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Grimshaw, Percy Hall, I.S.O., F.R.E.S., formerly Keeper, Natural History 
Department, Royal Scottish Museum. 133 Liberton Brae, Edinburgh 9 
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* Harris, Robert Graham, M.A., D.Sc. (Edin.), 44 Manor Road, Famborough, 

Hants 

Harrison, Edward Philip, Ph.D., F.Inst.P., Chief Scientist, HeMeS* “Vernon/' 
Portsmouth 

Harrison, John Vernon, D.Sc.{Glas.), F,G.S., 34 Rowallan Gardens, Glas* 
gow, W. 1 

* Harrison, John William Meslop, D.Sc. (Durham), F.R.S., Professor of Botany 

and Reader in Genetics, King's College, Newcastle-upon-Tyne, The 
Avenue, Birtley, Co. Durham 

* Harvey, William Frederick, C.LE,, M.A., M.B., C.M., D.P.H,, Lieut.-Col., 

I.M.S. (retired), Histologist, Research Laboratory, Royal College of 
Physicians, Edinburgh. 56 Garscul>e Terrace, Edinburgh 12 
"Henderson, David Kennedy, M.D., F.R.C.P.E., F.R.F.P.S.G,, Professor 
of Psychiatry, University of Edinburgh. Tipperlinn House, Edin¬ 
burgh to 

* Henderson, John, F.C.I.I., Manager and Secretary, Edinburgh Assurance Co., 

Ltd. Seaforth Cottage, York Road, Trinity, Edinburgh 5 
" Henderson, Thomas, B.Sc. (Lond.), Secretary to the Educational Institute of 
Scotland. 2 Hillview Terrace, Edinburgh 12 
" Henderson, Thomas, C.B.E., J.P., F,S.A.Scot., Actuary of the Savings Bank 
of Glasgow. 5 Belmont Crescent, Glasgow, W. 2 
Henderson, William Dawson, M.A., B.Sc., Ph.D., Lecturer, Zoological 
Laboratories, University, Bristol. 77 Coldharbour Road, Bristol 6 

* Hepburn, William Allan Forsyth, M.C., M.A., B.Ed. (Edin.), Director of 

Education, Ayrshire Education Authority. 2 St Leonard's Road, 
Ayr 

" Heron, Alexander Macmillan, D.Sc. (Edin.), F.G.S., Director, Geological 
Survey of India, Calcutta, India 

* Herring, Percy Theodore, M.D., F.R.C.P.E., Professor of Physiology, | 

University of St Andrews. Idnton, St Andrews ^ 

" Hewat, Andrew Fergus, M.D., F.R.C.P.E., Secretary, Royal College of Physi¬ 
cians, Edinburgh. 14 Chester Street, Edinburgh 3 
Hindle, Edward, M.A., Sc.D. (Cantab.), Ph.D., A.R.C.S., Regius Professor of 
Zoology, University of Gl^gow 

Hobday, Sir Frederick T. G., Kt., C.M.G., Dr. Med. Vet. (Zurich), 
F.R.C,V.S., Hon. Veterinaiy Surgeon to H.M. the King, and Emeritus 
Professor of Surgery, Royal Veterinary C-oUege, London, N.W. J, 
31 Argyll Road, Kensington, London, W. 8 
" Hobson, Alfred Dennis, M.A. (Cantab.), Professor of Zoology, King's College, 
Newcastle-upon-Tyne 

* Hodge, WilUam Vallance Douglas, M.A. (Edin.), M.A. (Cantab.), F.R.S., 

Lowftdean Professor of Astronomy and Geometry, University of Cam¬ 
bridge. 28 Barrow Road, Cambridge 

* Hogarth, George, Chairman of the Fishery Board for Scotland, 101 George 

Street. 40 Elliot Road, Edinburgh 1 x 

" Hogben, Lancelot Thomas, M,A., D.Sc., F.R.S., Professor of Natural History, 
University of Aberdeen 

Holden, Henry Smith, D.Sc., F.L.S., Director of the East Midlands Forensic 
Science Laboratory, Burton Street, Nottingham 
" Holland, Sir Thomas Henty, K.CS.L, K.CJ.E., D.L.. Hon. D.Sc., LL.D., / 
F.R.S., Vice-Chancellor and Prindpal of the University of Bdinburglu { j 
Blackford Brae, Edinburgh 9 I 

* Hora, Sunder Lai, D.Sc. (Punjab et Edin.), F.L.S., F.Z.S., F.A.S.B., Senior 

Assistant Superintendent, Zoological Survey of India. Indian Museum, 1 
Csicutta 

"Home, Alexander Robert, O.B.E., B.Sc., MXMech.E., A.M.liurt.C,E„ 
Professor of Mechanical Engineering, Heriot-Watt College, Ediid>urgh, 
31 Queen’s Crescent, Edinburgh 9 • 

Home, J. Fletcher, M.D., F.R.C.S.E., Sheliiy Hall, Huddersfield 
tHoustoun, Robert Alexander, M.A., PhuD., D.Sc., F.Init.P.^ Lecturer in 
Physical Optics, University of Glasgow. 45 Kirklee Road, Glasj^ 
H^wden, Robert, M.A., M.B., C.M.> D.Sc., tt.D., EmeHtog PMsmr of 
Anatomy, University of Durhami Dalntadh, Victoria Terrace, Opi^ 
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* Hume, Ed^ar Erskine, D,S.M., M.A., M.D., LL.D., Lieut-Col., U.S. Army, 

Librarian of the Army M^icai Library, Washington. The Magnolias, 
Frankfort, Kentucky. 7 emporaty Address^ Medical Field Service School, 
Carlisle Barracks, Pa., U.S.A. 

Hume, William Fraser, D.Sc. (Lond.), Director, Geological Survey of Egypt, 
Helw^, Egypt. The Laurels, Rusdn^on, Sussex 

* Hunt, Owen Duke, B.Sc. (Manch.), Corrofell, Newton Ferrers, South Devon 

* Hunter, Rev. Adam Mitchell, M.A., DXitt., Librarian of New College, Edin¬ 

burgh. 3 Suffolk Road, Edinburgh 9 

* Hunter, Andrew, M.A., B.Sc., M.B., Ch.B., F.R.S.C., F.R.F.P.S.G., Pro¬ 

fessor of Pathological Chemistry, University of Toronto, Canada 

* Hunter, Arthur, F.F.A., LL.D. (Edin.), Chevalier dc la Legion d’Honneur, 

Vice-President and Chief Actuary of the New York Life Insurance Co. 
124 Lloyd Road, Montclair, N./., U.S.A, 

« Hunter, Charles Stewart, M.A., L.R.C.P.E., L.R.C.S.E., D.P.H., F.R.E.S., 
Cotswold, 36 Streatham Hill, London, S.W. 2 
Hunter, Gilbert Macintyre, M.Inst.C.E., M.Inst.E.S., M.Inst.M.E., 27 Hil- 
maurs Road, Edinburgh 9 

* Hutchinson, Arthur Cyril William, M.D.S. (Manch.), D.D.S. (Witwatersrand), 

Dean of the Edinburgh Dental Hospital and School. 12 Glencairn Cres¬ 
cent, Edinburgh 12 

* Ince, Edward Lindsay, M.A. (Cantab.), D.Sc. (Edin.), Lecturer in Technical 

Mathematics, University of Edinburgh (16 Chambers Street) 

* Inglls, James Gall, Publisher. 36 Blacket Place, Edinburgh 9 

* Inglts, John Alexander, of Auchindinny and Rcdhall, K.C., M.A. (Oxon.), 

LL.B. (Edin.), King’s and Lord Treasurer’s Remembrancer. 13 Randolph 
Crescent, Edinburgh 3 

Inglis, Robert John Mathieson, M.Inst.C.E., Chief Engineer, Southern Area, 

L. N.E.R. Dixton, Monken Hadley, Herts 

* innes, Donald Esme, M.C., M.A. (Oxon.), Professor of Geology, University of 

St Andrews. Cortina, St Andrews 

* Irvine, Sir Tames Colquhoun, Kt., C.B.E., D.L,, Ph.D. (Leipzig), D.Sc. ^ 

(St Andrews), Hon. D.Sc. (Liverpool, Princeton), Hon. Sc.D. (Cantab., I 
Vale, Pennsylvania), Hon. LL.D. (Glas., Aberd,, Edin., and Toronto), > 
Hon. D.C.L. (Durham^, F.R.S., lion. F.E.I.S., Vice-Chancellor and I 
Principal of the University of St Andrews j 

* Jack, David, M.A., B.Sc. (Edin.), Ph.D. (St Andrews), Lecturer in Natural 

Philosophy, United College, University of St Andrews. 22 Grange Road, 
St Andrews 

* Jack, John Louttit, C.B.E., Solicitor, Deputy Secretary, Department of Health 

tor Scotland, X2 Ia Princes Street, Edinburgh 2 
♦Jamieson, James Dalgleish Hamilton, H.D.D., L.D.S.Ed., Lecturer on Dental 
Diseases, University of Edinburgh. 29 and 58 George Square, Edin¬ 
burgh 8 

Jeffrey, George Rutherford, M.D. (Glas.), F.R.C.P.E,, 11 Langlands Gardens, 
Hampstead, London, N.W."3 

♦Jeffrey, Sir John, K.C.B,, C.B.E., formerly Under-Secretary of State for 
Scotland. 9 Cluny Gardens, Edinburgh xo 
Jehu, Thomas John, M.A., M.D,, F.G.S., Professor of Geology, University^ 
of Edinburgh (Grant Institute of Geology, West Mains Road). 35 Great" 
King Street, Edinburgh 3 

t Jerdan, David Smiles, M.A., D.Sc., Ph.D., Avenel, Melrose 
Johnston, Col. Henry Halcro, C,B., C.B.E., D.Sc., M.D,, C.M. (Edin.), 
F.L.S,, late Administrative Staff, Army. C/o Messrs Glyn, Mills k Co., 
Holts Branch, Kirkland House, London, S.W. X 

* Johnston, John McQueen, M.D. (GlasOi F.R.C.S.E,, Pharmacologist, Depart¬ 

ment of Health for Scotland^ 18 Berkeley Terrace, Glasgow, C. 3 

* Johnston-Saint, Percy Johnston, M.A. (Cantab.), Conservator, Wellcome 

Historical Medical Museum, 183-193 Euston Road, London, N.W. i. 4 
Wyndham Place, Bryanston Square, London, W. x 

* Johnstone, Robert William, C.B.E., M.A., M.D. (Edin.), F.R.C.S.E., 

M. RiC.P.E., Professor of Midwifery and Diseases of Women, Umverrity 
of Edinbmrgh. 26 Palmerston Place, Edinburgh 12 

* Jones> Edwerd Taylor, D.Sc. (Lond,), Professor of Natural Philosophy, 

Uniwiity of Glasgow 
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* Jonefif Tudor Jenkyn, D.Sc., M.B., Ch.B, (Olas.), Lecturer in Anatomy 

(Embryology), University of Liverpool 

* Juritz, Charles Frederick, M.A., D.Sc., F.I.C., Chief of the Union Depart¬ 

ment of Chemistry. Grenoble, Avenue Fresnaye, Sea Point, Cape Town, 
South Africa. 

* Kemboll, Charles Henry, H.D.D,, L.D.S., D.D.S. (Univ. Pennsylvania). 

Dental Surgeon, liecturer^on Orthodontics in Edinburgh Dental Hospital 
and School. 20 AinsUe Place, Edinburgh 3 

* Kemp, Charles Norman, B.Sc., Technical Radiologist, Secretary of the 

Royal Scottish Society of Arts. Ivy Lodge, Laverockbank Road, 
Edinburgh 5 

* Kendall, James Pickering, M.A., D.Sc.,F.R.S. (General Secretary), Pro¬ 

fessor of Chemistry, University of Edinburgh (West Mains Road). 14' 
Mayheld Gardens, Edinburgh 9 

t Kennedy, Robert Foster, M.D. (Belfast), M.B., B.Ch. (R.U.L), Associate Pro¬ 
fessor of Neurology, Cornell University, New York. 410 East 57 Street, 
New York City, U.S.A. 

* Kennedy, Walter Phillips, Ph.D. (Edin.), L.R.C.P. and S.E., A.I.C., Professor 

of Physiology, Royal Collet of Me^dne, Baghdad, Iraq 

* Kenneth, John Henry, M.A., Ph.D. (Edin.), Assistant, Imperial Bureau of 

Animal Genetics, University of Edinburgh (West Mains Road). Univer¬ 
sity Union, Edinburgh 8 

Kenwood, Henry Richard, C.M.G., M.B., C.M., Emeritus Chadwick Professor 
of Hygiene, University of London. Wadhurst, Queen^s Road, Finsbury 
Park, London, N. 

* Kermack, William Ogilvy, M.A., D.Sc., LL.D., Chemist, Research Laboratory 

of the Royal College of Physicians, 2 Forrest Road, Edinburgh x 

Kerr, John Graham, M.A. (Cantab.), LL.D., F.R.S., Honora^ Fellow of| 
Christ's College, M.P., Scottish Universities, Emeritus Regius Professor) 
of Zoology, University of Glasgow. Dalny Veed, Barley, near Royston,] 
Herts I 

Kerr, Joshua Law, M.D., J.P. Stratford, Victoria, Australia 

* Khastrir, Satis Ranjan, M.Sc. (Calcutta), D.Sc. (Edin.), Physics Department, 

Imiversity, Dacca, India 

King, Archibald, M.A., B.Sc., H.M. Inspector of Schools, The Cottage, 
Barassie, Ayrshire 

* King, Leonard Augustus Lucas, M.A., Professor of Zoology, West of Scotland 

Agricultural College, Glasgow. 14 Bank Street, Glasgow, W. 2 

* Kingon. Rev. John Robert Lews, M.A„ D.Sc., The Manse, Simonston, Cape 

Colony, South Africa 

** Kirby, Perdvol Robson, M.A,, D.Litt., F.R.C.M., Professor of Music and 
Musical History, University of the Witwatersrand, Johannesburg, South 
Africa 

* Koller, Peo Charles, Ph.D, (Budapest)^ D.Sc. ^din.), Cytologist, Institute of 

Animal Genetics, University of Edinburgh (West Mains Road). 49 George 
Square, Edinburgh 8 

* Lambie, Charles George, M.C., M.D., F.R.C.P.E., Bosdi Professor of Medicine, 

University of Sydney. Capri, 4 Wyuna Road, Point Piper, Sydney, N.S.W., 
Australia 

* Lament, John Charles, Lieut.-CoL, I.M.S. (retired), CJ.E., M.B., C.M. (Edin.), 

M.R.C.S,, formerly Professor of Anatomy, Medical College, Inhere, India. 

7 Merchiston Park, Edinburgh lo 

* Lang, William Henry, M.B., CM., D.Sc., LL.D. (Glas.), F.R.S., Barker 

Professor of Cryptogamic Botany, University of Manchester 

* Langrishe, John du Plessis, D.S.O., M.B*, B.ch. (Dub,), D.P.H., Lt,-Col. 

K.A.M.C, (retired), Lecturer in JPublic Health, Uaiviid^ of ^inburgh i 
^sher Institute of Public Health, Warrender Park Road). 2 South 
Gillsland Road, Edinburgh 10 

Lauder, Alexander, D.Sc., formerly Head of Chemistry Departmenty Edin*^\ 
burgh and East of Scotland College of Agriculture, and Lecturer in f 
,A|;ncultural Chemistry, University of Edinburgh, 78 DalkMth Road^ ^ 
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Laurie, Arthur Pillane, M.A., D.Sc., LL.D., formeriy Piindpal, Heriot-^ 
College, Edinburgh. 38 Springfield Road, St John’a Wood, I/Ondon, }• 

Lawson, David, M.A., M.D., L.R.C.P. and S.E., Druimdsurroeb, Bandtory, 
Kincardineshire 

Leighton^Gerald Rowley,M.D., D,Sc., formerly Medical Officer (Foodi), 
Department of Health for Scotland. Shaniton^ near Ramsey, Isle of Man 

* Leitch, William Orr, M.Inst.C.E., formerly Chief Engineer and General 

Manager Peking Mukden Railway, i Gordon Terrace, Edinburgh 9 

* Lelcan, Percy Samuel, C.B., C.M.G., F.R.C.S., L.R.C.P., D.P.H,, Professor of 

Public Health, University of Edinburgh (Usher Institute of Public Health, 
Warrender Park Road). 4 South Lauder Road, Edinburgh 9 
Levic, Alexander, F.R.C.V.S., D.V.S.M., Balmae, Manor Road, Littleover, 
Derby 

* Levy, Hyman, M.A., D.Sc., Professor of Mathematics, Imperial College of 

Science and Technology, London, S.W. 7 
Lewis, Francis John, D.Sc., F.L.S., Professor of Botany, Egyptian University, 
Abbissea, Cairo 

* Lidstone, George Tames, F.F.A., F.I.A., LL.D., formerly Manager and Actuary, 

Scottish Widows’ Fund Life Assurance Society. Hermiston House, 
Hermiston, Currie, Midlothian 
Lightbody, Forrest Hay, 53 Queen Street, Edinburgh 2 

* Lightfoot, Nicholas Morpeth Hutchinson, M.A. (Cantab.), Lecturer in Mathe¬ 

matics, Heriot-Watt College, Edinburgh. 3 Park Gardens, Liberton, 
Edinburgh 9 

* Lim, Robert Kho Seng, M.B., Ch.B., D.Sc., Peking Union Medical College, 

Department of Physiology, Peking, China 
Lindsay, John George, M.A., B.Sc. (Edin.), Rector of Dunfermline High 
School 

* Lindsay, Thomas A., M.A., B.Sc., Head Master, Higher Grade School, Bucks- 

burn, Aberdeenshire 

Linlithgow, The Most Honourable the Marquis of, P.C., K.T., G.C.I.E.,D.L., 
LL.D., Viceroy and Governor-General of India. Hopetoun House, 
South Queensferry 

t Liston, William Glen, C.I.E,, M.D., Lt.-Col., T.M.S. (retired), Milbum Tower, 
Gogar, Corstorphine, Edinburgh 12 

* Little, John Robert, F.C.LL, F.C.I.S., formerly Manner and Secretary, 

Century Insurance Co., Ltd. s Dairymple Crescent, IMinburgh 9 

* Lockhart, James Balfour, M.A., B.Sc. (Edin,), Mathematical Master, Edin¬ 

burgh Academy. Westering, Invcrleith Grove, Edinburgh 4 

* Lorraine, Norman Stanley Rees, M.D., D.P.H. (Edin. and Glas.), Medical 

Officer of Health, Benfleet Urban District, l Biulescoombe Leaa, Burles- 
coombe Road, Thorpe Bay, Southcnd-on-Sea 

* Low^ames Wotherspoon, B.Sc., Ph.D., 1 Hamilton Park Avenue, Glasgow, 

* Low, R. Cranston, M.D., F.R.C.P.E., formerly Lecturer in Dermatology, 

University of Edinburgh, i Randolph Crescent, Edinburgh 3 

* Ludlam, Ernest Bowman, M.A., D.Sc., Lecturer in Chemistry, University of 

Edinburgh (West Mains Road) 

* Lyford-Pike, James, M.A., B.Sc., Lecturer in Forestnr, University of Edin¬ 

burgh. Rosetta, 56 Kirkbrae, Liberton, Edinburgh 9 

* Lyon, David Murray, M.D., F.R.C.P.E., D.P.H., D.Sc., Professor of Clinical 

Medicine, University of Edinburgh (Royal Infirmary). Druim, Colinton, 
Edinburgh ii 

Mabbott, Waiter John, M.A., formerly Rector of County High School, 
Duns, Berwickshire. The Hawthorn, Famham Lane, Haslemere, 
Surrey 

* McArthur, Donald Neil, D.Sc., F.I.C., Professor of Agricultural Chemistry, 

West of Scotland^Agricultural College, Glasgow, C. a. 35 Kersland Street, 
Glasgow, W. 2 

* M’Arthur, Neil, M.A., B.Sc., Lecturer in Mathematics, University of Glasgow. 

The Whins, Heathfield Drive, Milngavie 
^ M’Bride, James Alexander, B.A. (Roy. Univ., Irdian^* B.Sc. (L^ond.), 
formerly Rector of Quean’s Park Secondary School, Glasgow. Scottish 
Liberal Club, Princes Street, JS<ynburgh 2 
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M'Bride, Peter. M.D., F.R.C.P.E., 3 St Peter»« Grove, York 
I * McCallien, Wuliam John, D.Sc. (ulas.), Lecturer in Geology, Univereity of 
Glasgow. 37 Portickhill Road, Glasgow, W. x 

* MacCallutti, Peter, M.Sc., M.A. (New Zealand), M.B., Ch.B., D.P.H. (Edin.), 

Professor of Pathology, University of Melbourne. Blackrock House, 
Blackrock, Victoria, AusUalia 

* McCracken, William, J.P., Englesea House, Crewe 

* M'Crea, WiUiam Hunter, M.A., Ph. 0 . (Cantab.), B.Sc. (Lond.), F.R.A.S., 

Professor of Mathematics, The Queen’s University, Belfast. 61 Ulster- 
ville Avenue, Belfast 

* M’Culloch, Rev. James David, 3 Ardgowan Street, Greenock 

* McDonald, Stuart, M.A., M.D., F.R.C.P.E., Professor of Pathology, University 

of Durham. College of Medicine, Newcastle-upon-Tyne 

* MacDonald, Thomas Xiogie, M.A., B.Sc. (Glas.), r.R.A.S., i Graingerville 

North, Newcastle-upon-Tyne 4 

Macdonald, William J., M.A., 15 Comiston Drive, Edinburgh xo 
•M'Dougall, John Bowes, M.D. (Glas.), F.R.F.P.S.G., F.R.C.P.E., Medical 
Director, British L^on Village, Preston Hall, Kent. Preston Hall, Ayles- 
ford, Kent 

MacDougall, R. Stewart, M.A., D.Sc., LL.D. (Edin.), Emeritus Professor 
of Royal (Dick) Veterinary College, Edinburgh. Ivy Lodge, 

GuUane, East Lothian 

Macewen, Hugh Allen, O.B.E., M.B., Ch.B., D.P.H. (Lond. and Cantab.), 
Local Government Board, Ministry of Health, Whitehall, London, 
S.W. 

M'Fadycan, Sir John, Kt., M.B., B.Sc., LL.D., formerly Principal and Pro¬ 
fessor of Comparative Pathology, Royal Veterinary College, Camden 
Town, London. Highlands House, Leatherhead 
t Macfarlane, John M,, D.Sc., LL.D., Emeritus Professor of Botany. 427 West 
Hansberry Street, Germantown, Pa., U.S.A. 

* MacGillivray, Allistcr Middleton, M.D. (St Andrews), Lecturer in Clinical 

Ophthalmology, University of St Andrews. 5 Clarendon Terrace, Dundee 
MacGillivray of MacGillivray, Angus, M.D., C.M., D.Sc., LL.D., 23 South 
Tay Street, Dundee 

M'Gowan, George, F.I.C., Ph.D., 21 Montpelier Road, Ealing, London, W. 5 

* MacGregor, Archibald Gordon, M.C., D.Sc., Geologist, H.M. Geological Survey 

(Scotland). 1 Greenbank Terrace, Edinburgh 10 

* Maegregor, Murray. M.A., D.Sc., F.G.S., Assistant Director (Scotland), 

H.M. Geological Survey, 19 Grange Terrace, Edinburgh 9 
MTntosh, Donald C,, M.A., D.Sc., formerly Education Officer, Elgin. Glen* 
avon, Boat of Garten 

MTntosh, John William, M.R.C.V.S., Dollis Hill Farm, Cricklewood, 
London, N.W. 2 

* M’Intyre, Donald, M.B.E., M.D. (Glas.), F.R.C.S.E., Roml Samaritan Lec¬ 

turer in Gynfitcology, University of Glasgow. 9 Park Circus, Glasgow, C. 3 

M*K«ndrick, Anderson Gray, M.B„ D.Sc., F.R.C.P.E,, Lt.-Col., LM.S.Z 
(retired) (Vice-PresideKT), Superintendent, Research Laboratory, Royal { 
College of Physicians, 2 Forrest Road, Edinburgh x I 

M^Kendrick, Archibald, J.P., F.R.C.S.E., D.P.H., L.D.S., X2 Rothesay Place, 
Edinburgh 3 

M'Kendrick, John Soutar, M.D., F.R.F.P.S. (Glas.), 2 Buckingham Terrace, 
Hillhead, Glasgow 

Mackensie, Alister, M.A., M.D., D.P.H., Principal Medtesd Officer and 
Lecturer in Hymene, Training Centre, JordanhiiJ, Glasgow. 22 Queen^s 
Gate, Dowanhifl, Glasgow 

* Mackensie, John E., D.Sc., Emeritus Reader in Chemistry, University of 

Edinburgh. 2 Ramsay Garden, Edinburgh x 

* Mackie, Alexander, B.Sc., Ph.D. (Min.), Science Master, Trinity Academy. 

2 St John’s Terrace, Edinburgh 12 

* Mackie, John, M.A., D.Sc., Rector, Leith Academy, 7 York Road, 

Trinity, Leith 5 

* Mackie, Thomas Tones, M.D., M.R.C,P.E„ Professor of Bacteriologyi 

University of Edinburgh (Teviot Place), 22 Mottonhall Road, Edin¬ 
burgh 9 
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* M^KinUy, Peter Laird, M.D., D.P.H., Medical Officer (Statiatics), Department 

of Health for Scotland. 69 Montrose Street, Clydebank 
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* Macmillan, Rt. Hon. Lord, P.C., G.C.V.O., LL.D., 44 Millbank, Westminst^, 

S.W. I 

* McMillan, William Hutchison, B.Sc. (Glas.), Hood Professor of 

Mining, University of Edinburgh, and Professor of Mining, Heriot-Watt 
College, Edinburgh. 5 Gordon Terrace, Edinburgh 9 

* M'Neil, Charles, M.A., M.D. (Edin.), F.R.C.P.E., Professor of Child Life 

and Health, University of Edinburgh (R<^ral Edinburgh Hospital for 
Sick Children). 44 Heriot Row, Edinburgh 3 

* Maepherson, Rev. Hector Copland, M.A., Ph.D., F.R.A.S., Guthrie Memorial 

U.F. Church, 7 Wardic Crescent, Edinburgh 5 

* M^Quistan, Dougald Black, M.A., B.Sc., Assoclate-Professor of Natural 

Philosophy, Royal Technical College, Glasgow. 29 Viewpark Drive, 
Rutherglen 

* McRae, WiUiam, C.I.E., M.A., D.Sc. (Edin.), Late Agricultural Adviser to the 

Government of India, and Director, Agricultural Research Institute, 
Pusa. Daramona, Gamekeepers* Road, Bamton, Midlothian 
** MacRobert, Thomas Murray, M.A., D.Sc., Professor of Mathematics, Uni¬ 
versity of Glasgow. 10 The University, Glasgow 
^ M'Whan, John, M.A. (Glasgow), Ph.D. (Gott.), Lecturer in Mathematics, 
University of Glasgow. 37 Airthrey Avenue, Jordanhill, Glasgow, W. 4 

* Madwar, Mohamed Reda, Ph.D. (Edin.), A.M.Inst.C.E., Director, Helw&n 

Observatow, Egypt 

t Mahftlanobis, S. C., B.Sc, (Edin.), Professor of Physiology, University of 
Calcutta. P. 45 New Park Street, Calcutta 
** Mainland, Donald, M.B., Ch.B., D.Sc. (Edin.), Professor of Anatomy, Forrest 
Building, Dalhousie University, Halifax, Nova Scotia 
Majumdar, Tarak Nath, D.P.H. (Col,), L.M.S., F.C.S., Professor of Hygiene, 
Carmichael Medical Colley, Belgachia, Calcutta 

* Malcolm, Charles Alexander, M.A., Ph.D., Librarian, Signet Library, at Find- 

horn Place, Edinburgh 9 

* Malcolm, John, M.D. (Edin.), Professor of Physiology, University of Dunedin, 

New Zealand, Medical School, King Street, Dunedin 
MalHk, Devendraftath, Sc.D., B.A., Principal, Carmichael College, Rungpur, 
Bengal, India 

i Moloney, WiUlam Joseph, M.B.E., M.C., M.D. (Edin.), LL.D., formerly 
Professor of Neurology, Fordham University. Casa del Sale, Newport, 
Rhode Island, N.Y., U.S.A. 

Marchant, Rev. Sir James, K.B.E., LL.D., F.R.A.S., F.L.S., Director, National 
Council for Promotion of Race-Regeneration. Pinegarth, Buccleuch Road, 
Bournemouth 

Fronds Hugh Adam, C.B.E., Sc.D., F.R.S., Reader in Agricultural 
Pl^dology, University of Cambridge. Christas College, Camb:^ge 

* Marshall, Jomi, M.A.* D.Sc. (St Andrews), B.A. (Cantab.), University Reader 

in Mathematics, Bedford College, London. Logan House, 123 Torrington 
Park, London, N. la 

^ MiiOiir John Huxley, F.R.C.V.S*, Government Veterinary Lalxpratory, 
dnderstepoort, Pretoria, South Africa 

Masstm, George Hen^, O.B.E., M.D., D.Sc., F.R.C.P.E., Carradale, Port 
of S)?tan, Trinidad, British West Indies 


1933-36. 


I93*“34. 



338 


Appendix. 


0 at 9 of , 
BlMtibnj 


1911 

1921 

1906 

1928 

19*4 

* 93 « 

193* 

1917 

1922 

193» 

*937 

1901 

19*7 

1933 

19*9 

1917 

1902 

1885 

1937 

19x0 

1936 

1930 

J90S 

1905 

1904 

x 886 

*933 

1899 


C. 

M*B. 


C. 

C. 

c. 


c. 


c. 

M-B. 


C. 


c. 


Mastcrman, Arthur Thomas, M.A., D.Sc., F.R.S.^ formerly Superintending 
Inspector, H.M. Board of Agriculture and Fisheries. 3 Kedale Koa^ 
Seaford 

[• Mathews, Gregory Macalister, M.B.O.U., Meadway, St Cross, Winchester, 
Hants 

* Mathieson, John, F.R.S.G.S^, Division Superintendent, Ordnance Survey 

{retired), 42 East Claremont Street, Edinburgh 7 

Mathieson, Robert, F.C.S., St Serf’s, Innerleithen 

’ Matthai, George, M.A, (Cantab.), Sc.D., F.Z.S., F.L.S., Professor of Zoology, 
Government College, Lahore, India 

’ Matthews, James Robert, M.A., F.L.S., Remus Professor of Botany, University 
of Aberdeen, and Keeper of the Cruickshonk Botanic Garden 

' Maxwell, Sir John Ma«well Stirling, K.T., of Pollok, Baronet, and of Corrour, 
D.L., LL.D. Pollpk House, Glasgow, S. 3 

’ Maxwell, William, Managing Director of R. & R. Clark, Ltd. 14 South 
Inverleith Avenue, Eoinburgh 4 

’ Maylard, A. Ernest, M.B., B.Sc. (Lond.), F.R.F.P.S. (Glasgow), Kingsmuir, 
Peebles 

’ Meakins, Jonathan Campbell, M.D., LL.D., F.R.C.P.E., Professor of Medicine 
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I* Milne, C. H., M.A., D.Lltt., formerly Head Master, Daniel Stewart's CoUege. 
19 Merchiston Gardens, Edinburgh 10 
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Morpin, Alexander, O.B.E., M.A., D.Sc., LL.D., formerly Principal, Edin¬ 
burgh Provincial Training College, i Midmar Gardens, Edinburgh 10 

* Morgan, Daniel Owen, M.Sc. (Wales), Ph.D. (Lond,)j Lecturer in Helmln- 
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to the Trustees of the National Gallery, London. 5 The Mount Square, 
Hampstead, London, N.W. 3 

* Read, Herbert Harold, D.Sc. (Lond.), A.R.C.S., F.G.S., formerly George 

Herdman Professor of Geology, University of Liverpool; Professor 
of Geology in the University of London Imperial College of Science and 
Technology, London, S.W. 7 

* Read, Selwyn, B.A., Schoolmaster, Edinburgh Academy. Mackenzie House, 

Kinnear Road, Edinburgh 4 

Rees-Roberts, John Vernon, M.D., D.Sc., D.P.H., 90 Fitzjohns Avenue, 
Hampstead, London, N.W. 3 

Reid, Harry Avery, O.B.E., F.R.C.V.S,, D.V.H,, Veterinary Officer to the New 
Zealand Government. C/o High Commissioner for New Zealand, 415 
Strand, London, W.C. 2 

* Renouf, Louis Percy Watt, B.A. (Cantab.), M.Sc. (Nat, Univ. Ireland), Pro¬ 

fessor of Zoology, University College, Cork, Director of the University of 
Cork Biological Station. St Philomena’s, Tivoli, Cork, I.F.S, 

Renshaw, Graham, M.D., M.tl.C.S., L.R.C.P., L.S.A., F.Z.S., Lecturer in 
Zoology, Extramural Department, University of Manchester. Editor of. 
Natureland, Sale Bridge House, Sale, Manchester 
t Richardson, Harry, O.B.E., M.C, M.Inst.E.E., M.Inst.M.E., 1 % Oakwood 
Court, London, W. 14 

Richardson, Linsdall, P.A.Inst.W.E. F.G.S. 104 Greenfield Road, 
Harlx>ume Birmingham 

* Richey, James Ernest, M.C., B.A„ B.A,I. (T.C.D.), Sc.D., F.R.S., F.G.S., 

District Geologist, H.M. Geological Survey (Scotland), 19 Grange Terrace, 
Edinburgh 9 

* Ritchie, Allan Watt, M.B.E., F.R.San. 1 ., Chief Sanitary Inspector, City of 

Edinburgh. 2 Queensferry Terrace, £dinl>urgh 4 

* Ritchie, James, M.A., D.Sc., Professor of Natural History, University of 

Edintogh. 31 Mortonhall Road, Edinburgh 9 


Ritchie, James Bonnyman, D.Sc., Rector, The Academy, Ayr. 28 Carrick 
Road, Ayr 

* Ritchie, Mowbray, Ph.D., D.Sc. (Edin.), Lecturer in Chemistry, University 

of Edinburgh (West Mains Road) 

Ritchie, William Thomas, O.B.E., M.D., F.R.C.P. Edin. and Lond., formerly 
Professor of Medicine, University of Edinburgh (Teviot Place). 22 Alva 
Street, Edinburgh 2 

* Robb; James, M.A., B.D., LL.B., LL.D. ($t Andrews), Secretary to the Car-- 

negie Trust for the Universities of Scotland. 26 Ormidale Terrace, Edin¬ 
burgh 12 

* Robb, * Richard Alexander, D.Sc., Xyecturer in Mathematics, Uni¬ 

versity of Glasgow. 27 Moor Road, Ea^^lesham, Renfrewshire 
Robb, William, N.D.A., Director of Research, Scottish Society for Research in 
Plant Breeding, Craigs House, Corstorahine, Edinburgh 12. 

•Roberts, Alfred Henry, CTB.E., M.Inst.C.E., formerly Supemtendent and 
En^neer, Leith Docks. Dphnavur, Ravelston Dyk«$> Edinburgh 4 

* Roberts, John Alexander Fraser^ M.A. (Cantab.), M.B., D.Sc., Stoke Park 

Colony, Stapleton, Bristol 
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Daleef 

1928 
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* Roberts, Owen Fiennes Temple, M.C., M.A. (Cantab.), Lecturer in Astronomy 

1937 


and Meteorology, University of Aberdeen. 20 Belgrave Terrace, Aber¬ 
deen 

* Robertson, John Watson, MA., B.Sc. (Aberd.), Headmaster, Central School, 
Aberdeen. 21 Belvedere Crescent, Aberdeen 
** Robertson, Thomas Graham, The Hon. Lord Robertson, Senator of ,the 

1937 


1919 


College of Justice. 14 India Street, Edinburgh 3 
* Robertson, William Alexander, F.F.A., Century Insurance Co., Ltd., t8 

1896 

c. 

Charlotte Square. Mardale, 3 Buckstone Park, Edinburgh 10 

Robertson, W. G. Aitchison, D.Sc,, D.Litt., M.D., F.R.C.P.E., Barrister- 

*933 

c. 

at’Law, Lincoln’s Inn. St Margarets, St Valerie Road, Bourne¬ 
mouth 

* Robson, John Michael, M.D., B.Sc., Lecturer in Materia Medica, University of 

1926 


Edinburgh (Teviot Place). 9 Golf Course Road, Bonnyi%g, Midlothian 

* Romanis, William Hugh Cowie, M.A., M.B., M.C, (Cantab.), F.R.C.S.,Surgeon 

to St Thomas’s Hospital, London. tao Harley Street, London, 
W. I 

* Ronald, David, M.lnst.C.E., formerly Chief Engineer, Scottish Board of 

19x6 


1938 


Health, 125 George Street, Edinburgh 2 
* Rosebery, The Right Hon. The f^arl of, D.S.O., M.C., Lord Lieutenant of 
Midlothian. Dalmeny House, Edinburgh 

Ross, Alexander David, M.A., D.Sc., F.lnst.P,, F.R.A.S., Professor of Physics, 

1909 

c. 

1921 


University of Western Australia, Perth, Western Australia 
• Ross, Edward Bums, M.AMformcrly Professor of Mathematics, Madras Christian 

*935 


College, Madras. 41 Liberton Brae, Edinburgh 9 

* Rowatt, Tnomas, M.I.Mcch.E., F..S.A.Scot., Director, Royal Scottish Museum. 

Spottiswoode, Spylaw Bank Road, Colinton, Edinburgh 

• Ruse, Harold Stanley, M.A. (Oxon.), D.Sc., Professor of Mathematics, Uni' 

* 93 * 

C. K 

1906 


versity College, Southampton . 

Russell, Alexander Durie, B.Sc., F.R.A.S., formerly Head Mathematical Master, 
Falkirk High School. 12 Heugh Street, Falkirk 

Russell, David, LL.D., Paper Manufacturer. Silverburn, Leven, Fife 

Russell, James, 22 Glenorchy Terrace, Edinburgh 9 

• Russell, William Ritchie, M.D. (Edin.), F.R.C.P.E., M.R.C.P., Assistant 

Physician to the Royal Infirmary and to the Deaconess Hospital, Edin¬ 
burgh. 8 Randolph Cliff, Edinburgh 3 

* Rutherford, Daniel Edwin, M.A., B.Sc. (St Andrews), D.Math. (Amsterdam), 

1930 


1903 

C. K.| 

*937 


*934 


*935 

i 

C. 

Lecturer in Applied Mathematics, United College, University of St 
Andrews. S John Street, St Andrews 

• Saddler, William, M.A., B.A., Professor of Mathematics, Canterbury College, 

*906 


Christchurch, N.Z. 

Salecby, Caleb Williams, M.D., 13 Greville Place, Hampstead, London, 

' 

N.W. 6 

1916 

c. : 

• Solvescn, The Rt. Hon. Lord, P,C., K .C., LL.D., Judge of the Court of Session / 

(retired), Dean Park House, Edinburgh 4 1 

• Salvesen, Harold Keith, M.A. (Oxon. and Harvard), Captain (retired, I.A.), 

Shipowner, Inveraimond, Cramond, Midlothian 

Salvesen, Colonel Theodore Emile (T.A.), of Culrain, F.R.S.A., F,S.A.Scot., 

*934 


■ 1 

* 9*4 


1912 

C. K, 

Chevalier dc la L^ion d’Honneur. 37 Inverleith Place, Edinburgh 4 

/ 

Sampson, Ralph Alien, M.A., D.Sc., LL.D., F.R.S., formerly Astronomer, 
Royal for Scotland and Professor of Astronomy, University of Edinburgh. 
Gree^ll, 20 Observatory Road, Edinburgh 9 

* Sandeman, Jan, M.A., D.Sc., Ph.D, (St Andrews). Acting Chief Inspector of 

Schools, Education Department, Colombo, Ceylon 

* S^hdilands, James, A.H.-W.C., F.I.C., Senior Lecturer in Chemistry, Heriotf 

1927 

C.:' ' 

1938 1 

! ! 

: i 

1930 

■ ■ ■■ ■ . i 

■ ■ !■; 

Watt College. xo2 Westholmes Gardens, Mnsselbargh 
^ Sansome, Frederick Whallcy, Ph.D., F.L.S., Senior Lecturer in Horticulture, 

i' 

Botany Department, University of Manchester 
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1920 

^937 

1928 


C. 
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* Sarkfir, Bijali Behari, M.Sc.» D,$c. (Edin.). Lecturer in Phyeiology, Universify, 

Calcutta. 33/3 Lanadowne Road, Calcutta 
Sarolea, Charles» Ph.D., D.Litt., LL.D. (Montreal), formerly Profesaor of 
French, University of Edinburgh. 2t Royal Terrace, Edinburgh 7 

* Say, Maurice George, Ph.D., M.Sc, (Lond.), M.I.E.E., Professor of Electrical 

Engineering, Heriot-Watt College, Edinburgh. Breghom Loan, CoHnton, 
Edinburgh ^ 

* Schlapp, Robert, M.A. (Edin.), Ph.D. (Cantab.), Lecturer in Applied Mathe¬ 

matics, University of Edinburgh (Drummond Street), 40 a Morningside 
Park, Edinburgh 10 

t Scott, Alexander, M.A., D.Sc., F.R,S., formerly Director of Scientific Research 
at the British Museum. Z17 Hamilton Terrace, London, N.W. 8 

* Scott, Alexander, M.A,, D.Sc., 3 Winton Terrace, Stoke-on-Trent 

* Scott, Alexander Ritchie, B.Sc. (Edin.), D.Sc. (trond.), Principal, London 

(bounty Council, Beaufoy Institute, Princess Road, London, S.K. n 

* Scott, Henry Harold, C.M.G., M.D., F.R.C.P., M.R.C.S., D.P.H., Director, 

Bureau of Hygiene and Tropical Diseases, Keppel Street, Gower Street, 
London,W.C. i. 18 Rid^ount Gardens, Gower Street, I^rondon, W.C. r 

* Senior-White, Ronald, F.R.E.S., Malariologist, Bengal-Nagpur Railway, 

Kidderpore, P.O.| Calcutta, India 

* Shankland, Ernest Claud, F.R.Met.S., River Superintendent, Port of London 

Authority. Mariners, Balfour Gardens, Folkestone 

* Shafpley, Forbes Wilmot, B.Sc. (Eng.) (Lond,), Ph.D., M.Inst.E.E., Professor 

of Electrical and Mechanical Engineering, Indian School of Mines, 
Dhanbad, India 

** Shaw, John James McIntosh, M.A., M.D., F.R.C.S., Lecturer in Surgeiy and 
Clinical Surgery, University of Edinburgh. Greenaway, Kinnear Road, 
Edinburgh 4 

* Shearer, Ernest, M.A., B.Sc. (Edin.), Professor of Agriculture and Rural 

Economy, University of Edinburgh, and Principal, Edinburgh and East of 
Scotland College of Agriculture, 13 George Square, Edinburgh 8 

* Shearer, James Fleming, M.A., B.Sc., Ph.D., Lecturer in Natural Philosophy, 

University of Glasgow. 149 Queen’s Drive, Wavertrec, Liverpool 15 

* Simpson, Alexander Rudolf Barbour, B.Sc, (Edin,), M.A. (Cantab*), F.R.G.S*, 

Hillstone School, Malvern, Worcestershire 
Simpson, George Freeland Barbour, J.P., M.D., F.R.C.P.E*, F.R.C.S.E,, 43 
Manor Place, Edinburgh 3 

* Simpson, John Baird, D.Sc. (Aberd.), Senior Geologist, H.M. Geological 

Survey (Scotland), 19 Grange Terrace, Edinburgh 9 

* Sinclair, ArtWr Henry Havens, M.D,, F.R.C.S.E., Hon. Surwon-OculUt to 

H.M, The King in Scotland, Consulting Ophthalmic Surgeon, Royal 
Infirmary, Edinlnirgh, Charlotte Square, Edinburgh 2 
Sinhjee, Sir Bhagvat, G.C.I.E,, M.D., LL.D, (Edin.), H.H. the Thakur Sahib 
of Gondal, Kathiawar Bombay, India 

t Skinner, Robert Taylor, jf.P., M.A., F.S.A.$cot., formerly House-Governor, 
Donaldson’s Hospital. 35 Campbell Road, Edinburgh 12 

* Slater, Tames KirkwoM, M.B, (Edin.), F.R.C.P.E., Assistant Phyrician, Royal 

Infirmary, Edinburgh, and Physician to the Deaconess Hospital, Edin¬ 
burgh* 7 Walker Street, Edinbu^ 3 

* Slater, Robert Henry, D.Sc., Ph.D. (Edin.), F.I.C., Department of Chemical 

Pathology, St Mary’s Hospital, London, W. 2 
•Small, James Cameron, O.B.E., Companion Inst.E.E, (Vic?;-President>, ( 
Principal, Heriot-Watt CoU^e, Edinburgh, t Grange Terrace, Edin-K 
burgh 9 [ 

* Small, James, D.Sc., Professor of Botany, Queen's University, Orkla, 

50 Myrtlefield Park, Belfast 

Smart, Edward, B.A., B.Sc., TiUyloss, Tullylumb Terrace, Perth 

* SmelUe, William Robert, M.A., D.Sc., Geologist on the Staff of the Anglo- 

Persian Oil Company. Baron CHflf, Cove, Dumbartonshire 

* Smith, Alexander Martin, Ph.D., D.Sc. (Edin,), AJ.C., Lecturer in Agricultural 

Chemistry, University of Edinburgh, 13 George Square. 1 Moitcmhall 
Road, Edinburgh 9 

Smith, AHck Drummond Buchanan, M.A*»B.Sc. (Agric.) (Aberd.),B.Sc. (Edin.), 
M.S.A. (Iowa), I^urer, Institute of Aiiiinal Genetics, Universl^ of Edin- 
' burgh (Wcat Maiiis Road) 
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Ditoof 

BMtoiii 

1937 


1933 

191X 

1949 

1919 


1933 


* Smith, Horace George, B.Sc, (Glas,)? Ph.D. (Bristol), Assistant, Department of 

Natural History, Marischal College, University of Aberdeen 

* Smith, Norman Kemp, M^A,, D.Phil., D.Litt., LL^D,. Professor of Logic and 

Metaphysics, University of Edinburgh (South Bridge). 14 Kilgraston 
Road, Edinburgh 9 

* Smith, Percy James Lancelot, M.A. (Oxon,), F.LC., F.C.S,, Science Master, 

Loretto School. 47 Dalrymple Loan, Musselburgh 
Smith, Stephen, B.Sc., 34 Crairaillar Park, Edinburgh 9 

* Smith, Sydney, M.D., F.R.CJ^., Professor of Forensic Medicine, 

University of Edinburgh (Teviot Place). 10 Oswald Road, Edinburgh 9 

* Smith, Sir William Wright, Kt., M.A., 0 , hs Sc., Regius Professor of Botany, i 

University of Edinburgh, Regius Keeper of the Royal Botanic Garden,-[ 
and King's Botanist in Scotland. Inverleith House, Edinburgh 4 | 

* Sneeden, Jean-Baptiste Octave, B.Sc., Ph.D. (Glas.), Lecturer on Heat Engines, 

Royal Technical College, Glasgow. 39 Kingshouse Avenue, Glasgow, 

S .4 


*933 

1929 


1935 

1S91 


* 9*3 

*933 

1939 


19x0 
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*937 


1886 

* 9*9 

*935 


*936 


* 93 * 

* 9»5 

*«S8 

1938 




1899 I I Snell, Ernest Hugh, M.D., B.Sc., D.P.H. (Cantab.), Barrister-at-Law, formerly 
Medical Officer of Health, Coventry, 3 Eaton Road, Coventry 

* Somerville, John Livingston, C.A., Auditor, University of Edinburgh. 
8 Ravelston Park, Edinburgh 4 

* Southwell, Thomas, D.Sc., A.R.C.S., Walter Myers Lecturer in Parasitology, 
School of Tropical Medicine, University of Liverpool. 53 GreenhUl 
Road, Mosfiley Hill, Liverpool 18 

* Staig, Robert Arnot, M.A., Ph.D., Lecturer in Zoology, University of Glasgow. 
Glenlea, Lasswade, Midlothian 

Stanfield, Richard, A.R.S.M., M.Inst.C.E., Emeritus Professor of Mechanics 
and Engineering, Heriot-Watt College, Edinburgh. 24 Mayfield Gardens, 
Edinburgh 9 

* Stabbing, Edward Percy, M.A., Professor of Forestry, University of Edinburgh 
(George Square) 

* Stenhouse, Andrew G., F.G.S., 191 Newhaven Road, Edinburgh 6 

* Stephen, Alexander Charles, D.Sc., Keeper, Natural History Department, 
Royal Scottish Museum, Edinburgh. Eastcroft, Cramond Bridge, Edin¬ 
burgh 4 

Stephenson, Thomas, D.Sc., F.C.S., 65 Castle Street, Edinburgh 2. 
t^th Octobtr 1938 ) 

* Steven, George Alexander, B.Sc, (Edin.), Assistant Naturalist, Marine Labora¬ 
tory, Plymouth, i Seaview Villas, Pentyre Terrace, Plymouth, Devon 

C. 1 • Steven, Henry Marshall, B.Sc., Ph.D, (Edin.), M.A., Hon. Causa (Oxon.), 
Professor of Forestry, University of Aberdeen. ” 

Aberdeen 

C. I Stevenson, Charles A., B.Sc., M.Inst.C.E., Radella, North Berwick 

* Stevenson, David Alan, B.Sc., M.Inst.C.E., 22 Glencaim Crescent, 
burgh 12 

* Stevenson, Eric, B.Sc. (Edin.), A.M.I.Mech.E., Lecturer in Engineering, Uni¬ 
versity of Edinburgh (Sanderson Engineering Laboratory, Mayfield Road), 
7 Beauchamp Road; Edinburgh 9 

•Stewart, Alexander Dron, C.I.E., M.B., Ch.B. (Edin.), F.R.C.S.E., Lt.-Col. 
LM.S. (retired), Superintendent of the Royal Infirmary, Edinburgh. 
Meadow Walk House, Edinburgh 3 

* Stewart, Corbet Page, Ph.D.(Edin.), Lecturer in General Biochemistry, Univer¬ 
sity of Edinburgh (Teviot Place). 17 Orchard Road South. Edinburgh 4 

* Stewart, David Smith, Ph.D., M.Inst.C.E., Lecturer on Structural Engineering 
Drawing, University of Edinburgh (Sanderson Engineering Laboratory, 
Mayfield Road). 82 Lasswade Road, Edinburgh 9 

* Stewart, James, M.A., D.Sc., Ph.D., C^hief Biochemist, Moredun Institute, 
Aniimil Diseases Research Association, Gilmerton. 33 Hatton Place, 
Edinburgh 9 

* Stewart, John Livingstone, B.Sc. (Edin.), M.R.C.V.S., Director of Veterinary 
Services, Gold Coast, Department of Animal Health, Pong-Tamale. P.O. 
Box No. 32, Tamale, Northern Territories, Gold Coast 

* Stiles, Sir Harold JaiUmd, K.B.E., Kt., M.B., F.R.C.S.E., D.Sc. (Hon.), LL.D., 
En^tus Professor of Clixdcal Surgery, University of Edinburgh. 
Wvitan Lodge, GtiUgne, E. Lothian 
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1930 
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1932 

>933 

>937 


1890 

>899 

>933 


C. 


1885 C. 


>932 

1917 C. N, 
1938 


1896 


1903 

1906 

1926 


Stockdale, Herbert Fitton, LL.D,, formerly Director of the Royal Technical 
College, Glasgow. Ciairinch, Upper Helensburgh, Dumbartonshire 
Stockman, Ralph, M.D„ LD.D., F,R,C.P.E., F.F.P.S.G., Emeritus Professor of 
Materia Medica and Therapeutics, University of Glasgow. White Lodge, 
Barnton Avenue, Edinburgh 4 

• Stokoc, William Norman, B.Sc., Ph.D. (Lond.), Chief Chemist, Craigmillar 

Creamery Co., Ltd. 8 Cobden Road, Edinburgh 9 
Story, Fraser, O.B.E., formerly Professor of Forestry, University College, Bangor, 
North Wales. The Wall House, Yorke Road, Reigate, Surrey 
Strong, John, C.B.E., M.A., LL.D., Emeritus Professor of Education) Uni- 
versify of Leeds. C/o The Librarian, The University, Leeds 

• Stump, Claude Witherington, M.D., D.Sc., Professor of Embryology and 

Histology, University of Sydney 

• Suffolk and Berkshire, The Rt, Hon, The Earl of, Glcncairn, Eskbank, 

Midlothian 

Sutherland, David W., C.I.E., M.D., M.R.C.P., Lt.-Col, I.M.S. (retired), 
Braeside. Belhaven, Dunbar 

• Sutherland, John Derg, B.Sc., B.Ed., Ph.D. (Edin.), M.B., Ch.B., Lecturer in 

Psychology, University of Edinburgh. 2 Windsor Street, Edinburgh 7 

• Sutherland, Sir John Donald, C.B.E., LL.D., Legion of Honour (France), 

Order of Leopold (Belgium), formerly Forestry Commissioner, Scotland, 
11 Inverleith Row, Edinburgh 4 

Sutton, Richard L.| M.D., D.Sc., LL.D., 1308 Bryant Building, iio 3 Grand 
Avenue, Kansas City, Mo., U.S.A. 

• Swinton, WaiUm Elgin, B.Sc., Ph.D. (Glas.), F.L.S., F.Z.S., F.G.S,, Curator of 

Fossil Reptiles and Amphibia, British Museum (Natural History), South 
Kensington, London, S.W.7 

• Tait, John Baiclay, B.Sc. (Edin.), Ph.D,, A.H.«W.C., Senior Naturalist 

(Hydrographer), Marine Laboratory, Fishery Board for Scotland, Aber¬ 
deen. 23 Cromwell Road, Aberdeen 

• Tait, John Guthrie, Scholar of Peterhouse College, Cambridge, B.A, (Cantab.), 

Barrister-at-Law, Lincoln's Inn, Hon. Fellow, Madras University, formerly 
Principal, Central College, Bangalore, India. 38 George Square, Edin¬ 
burgh 8 

t Tanakadate, Aikitu, Hon. Professor of Natural Philosophy, Imperial Uni' 
versify of Japan. Koisikawa, Zdsigayamati, 144, Tokyo, Japan 
Taylor, James, M.A., formerly Mathematical Master, Edinburgh Academy. 
18 Hillview, Bladthall, Edinburgh 4 

• Taylor, George, D.Sc. (Edin.), F.L.S., Assistant Keeper, Department of Botany, 

British Museum. Ballochmyle, Lroudwater, Rickmansworth, Herts 


Thompson, Sir D’Arcy Wentworth, Kt., C.B., M.A., LL.D. (Aberd., Edin.), 
Hon. D.Sc. (Dublin, Witwatersrand), D.Litt., F.R.S. (President), 
Professor of Natural History, Universify, St Andrews. 44 South Street, 
St Andrews 


Thompson, Harold William, D.Litt. (Edin.), A.M., Ph.D. (Harvard), F.S.A. 
Scot., Professor of English, N.V. State College, Albany, N.Y., U.S.A, 

* Thompson, John M'J^ean, M.A., D.Sc., F.L.S., Professor of Botany, University 

of Liverpool 

* Thomson, Arthur Landsborough, C.B., O.B.E., M.A., D.Sc. (Aberd.), Principal 

Assistant Secretary, Medical Research Council. r6 Tregunter Road, 
London, S.W. 10 

Thomson, George Ritchie, C.M.G., M.B., C.M., formerly Professor of Surgery, 
Universify of the Witwatersrand, JolM.nne8burg, Transvaal. Hbrdle 
Grange, Hordle, Hants 

Thomson, George S., Kenmore Farm, Whelpley Kill, Chesham, Buck^ 
Thomson, Gilbert, M.A., M.lnstC.E., 164 Bath Street, Glas^w, C. a 

* Thomson, Godfrey Hilton, D.Sc., Ph.D., Professor of Education, University 

Of Edinburgh (Moray House) 
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1882 
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1920 
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19x8 

1930 
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1925 C. 
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1931 

1903 
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* Thomson^ John, M.A., Ph.D, (Glas.)» lecturer in Plant Physiology, Uni¬ 

versity of Glasgow, 3 Chartwell Terrace, Bearsden, Glasgow 
“ Thomson, Matthew Sydney, M.A., M.D., B.Ch. (Cantab,), F.R.C.P., M.R.C.S., 
Physician for Diseases of the Skin, King*B College Hospital, Belgrave 
Hospital for Children. 106 Harley Street, London, W, i 
Thomson, R, Tatlock, F.I.C., 156 Bath Street, Glasgow 

* Thomson, Robert, B.Sc., Mcch.Eng., A.M.I.Mech,E„ Ph.D. (Edin.), Education 

Officer, Air Ministry. Moorheld, Terrick Road, Butler's Cross, Aylesbury, 
Bucks 

Thomson, Sir William, Kt., M.A., B.Sc., LL.D., formerly Principal, University 
of the Witwatersrand. Dunedin, Glencaim, Simonstown, South Africa 

* Thorneycroft, Wallace, J.P,, Chalmington, Dorchester 

* Timms, Geo^cy, Ph.D. (Cantab.), Lecturer in Mathematics, University of St 

Andrews, Deanscourt, St Andrews 

* Tod, Henry, B.Sc., Ph.D. (Edin.), Biochemist, The Royal Edinburgh Hospital. 

35 Oxgangs Road, Edinburgh 10 

** Todd, John Barber, B.Sc., Ph.D., M,I.Mech.E., Reader in Engineering, Uni¬ 
versity of Edinburgh. 4 Bright's Crescent, ICdinburgh 9 
*' Topping, Andrew, T.I)., M.A, M.D., D.P.H. (Aberd.), A Senior Medical 
Officer, Public Health Department, London County Council, 29 Lee 
Terrace, Blackheath, London, S.E. 6 

** Tovey, Sir Donald Francis, Kt., B.A. (Oxon.), M.Mus. (Hon.), Birmingham, 
Professor of Music, University of Edinburgh (Reid School of Music). 
39 Royal Terrace, Edinburgh 7 

+ Tredgold, Alfred Frank, M.D. (Durham), F.R.C.P, (Lend.), Lecturer on Mental 
Deficiency, University of London. St Martins, Guildford 
Trotter, George Clark, M.D. (Edin.), D.P.H. (Aberd.), F.S.A.Scot., Medical 
Officer of Health, Metropolitan Borough, Islington. Braemar, 17 Hasle- 
mcre Road, Crouch End, London, N. 8 

* Trueman, Arthur Elijah, D.Sc., F.G.S,, Professor of Geology, University of 

Glasgow. 20 Queensborough Gardens, Glasgow 

* Turnbull, Herbert Westren, M.A., F.R.S., Professor of Mathematics, Uni¬ 

versity of St Andrews. Randa, Hepburn Gardens, St Andrews 

* Turnbull, Mathew McKcrrow, M.A, (F^iin.), Lecturer in Banking, University 

of Edinburgh (South Bridge). 14 Minto Street, EdinVmrgh 9 

t Turner, Arthur I.,ogan, M.D,, LL.D,, F.R.C.S.E., 37 Walker Street, Edin- j 
burgh 3 I 

* Turner, Harry Morcton Stanley, M.B.E,, M.D., M.R.C.S., L.R.C.P., D.T.M. 

and H., Chevalier de I'Ordre Royale du Sauveur de Gr^ce. Wing Com¬ 
mander, R.A.F. (retired). The Haven, Brookwood, Surrey 

* Turner, Richard, O.B.E., M.B., C.M., Hotel Hydropathic, Peebles 

* Tyrrell, George Walter, A.R.C.S., D.Sc., F.G.S., Lecturer in Petrology, Geo¬ 

logical Department, University of Glasgow 

* Voge, Cecil Innes Bothwell, Ph.D. (Edin.), 46 Roxl>orough Park, Harrow-on* 

the*HiU, London 

* Wade, Hcni^, C.M.G,, D.S.O., M.D., Senior Lecturer in Clinical Surgery, 

University of Edinburgh (Royal Infirmary), 6 Manor Place. Edin¬ 
burgh 3 

* Wakeley, Cecil Pembrey Grey, F.R.C.S., Surgeon to King's College Hospital, 

London, Lecturer in Anatomy, King's College, l.onaon. 24 Devonshire 
Street, Portland Place, London, W. i 

^ Walker, Frederick, M.A., Ph.D., D.Sc., Professor of Mineralogy and Geology, 
The University, Cape Town 

* Walker* Oswald James, B.Sc., Ph.D. (Edin.), Lecturer in Chemistry, Uni¬ 

versity College, Gower Street, I^ndon, W.C. 1 
» Walker, William James Stirling, Ph.D. (Edin.), A.H.-W.C., F.I.C., F.I.L., 
F.S.A. Scot., Scientific Officer, H.M. Fuel Research Station, East 
Greenwich, London, S.E. 10. 13, The Lawns, Lee Terrace, Blackheath, 
London, S.E. 3 

Wallace^ Alexander G., M.A., 56 FonthiU Road, Al>erdeen 
Wallace, Robert, M.A., LL.D*, F.L.S., Emeritus Professor of Agriculture and 
Rural Economy, University of Edinburgh. Mid Park House, Kincardine- 
on-Forth, Fife 

WaUace, William, M*A., Campsie, Alta, Canada 


Service on 
CottneU, etc. 


1938-31. 


1936-39, 

VP 
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1936-39. 
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D%£e of I 
33 lection 

1920 ! 
^ 93 * 


1927 j C. 
J936 1 


1923 I 
1901 ; C. 

1927 i 

>923 I 


*923 

1911 

*933 


1911 

1928 

1896 


1907 

c. 


M-B. 

•903 1 

C. 

1 

1 

M-B. 

1904 i 


*934 

C. 

1930 


*933 


193* ; 


1911 


t 

1912 i 

c. 


i V. J. 
1 B-P. 

I 

! 

192S j c. 


I • Walm»ley, Thomasj M.D. (Glas.), Professor of Anatomy, Queen's University, 
Belfast 

I * Walton, John, M.A. (Cantab.), D.Sc* (Manchester) (Vice-President), f 
i Regius Professor of Botany, University of Glasgow. 23 Lilybank-| 

i Gardens, Glasgow, W. 2 I 

I * Wardlaw, Claude Wilson, D.Sc, (Glas.)> Imperial College of Tropical Agri- 
t culture, Trinidad, B.W.l. * 

i * Warr, The Very Rev. Charles Laing, C.V.O., M.A., D.D., LL.D., Hon. 

R.S.A., Dean of the Thistle and of the Chapel Royal in Scotland, 

; Chaplain to H.M. The Kin^ Minister of St Giles* Cathedral, Edinburgh. 
63 Northumberland Street, Edinburgh 3 

I * Warren, John Alexander, M.Inst.C.E. 74 Balshagray Avenue, Partick, Glasgow 
! Waterston, David, M.A., M.D., F.R.C.S.E., Promssor of Anatomy, University / 
of St Andrews \ 

* Watson, Charles Brodic Boog, F.S.A.Scot. 24 Garscube Terrace, Edin¬ 

burgh 12 

** Watson, H. Ferguson, M.D., F.R.F.P.S., Ph.D., D.P.H. (Glas.), formerly H.M. 

Senior Deputy Commissioner, General Board of Control for Scotland, 
i 109 Montgomery Street, Edinburgh 7 

I * Watson, William, M.A., B.Sc. (Edin.), Lecturer in Physics, Hcriot-Watt College, 

I Edinburgh. 17 Braidbum Crescent, Edinburgh 10 

I t Watt, James, W.S., F.F.A., LL.D. (Vice-President), 7 Blackford Road,[ 

I Edinburgh 9 \ 

{ 

* Watt, John Mitchell, M.B., Ch.B., M.R.C.P. (Edin.), F.R.S.S.A., Professor of 

Pharmacology, University of the Witwatersrand, Johannesburg, South 
i Africa 

j Watt, Very Rev, Lauchlan MacLean, M.A,, D.D., LL.D., Kinloch, Loch- 
j carron, Koss-shire 

I * Watters, Alexander Marshall, M.A,, B.Sc. (Glas.), Rector of Hawick High 
{ School. High School House, Hawick 

! t Webster. John Clarence, C.M.G., M.D., D.Sc., LL.D., F.R.C.P.E.. formerly 
j Professor of Obstetrics and Gynwcology, Rush Medical College. Shediac, 

i N.B., Canada 


t Wedderburn, Ernest Maclagan, O.B.E., M.A., D.Sc., LL.D., Deputy 
Keeper of the Signet (Treasurer). 6 Succoth Gardens, Edinburgh t2 


t Wedderburn, J. H. Maclagan, M.A., D.Sc., F.R.S., Professor of Mathematics, 
Princeton Univerrity. Fine Hall, Princeton, N.J., U.S.A. 

Wedderspoon, William Gibson, M.A,, LL.D. 

** Weir, Jonn, M.A., Ph.D., D.Sc. (Glas.), Lecturer in Palseontology, University 
of Glasgow. 18 Botanic Crescent, Glasgow, N.W. 

* White, Adam Cairns, M.B., Ch.B., Ph.D., Assistant Pharmacologist, Wellcome 

Physiological Research l^aboratory, Beckeidiam, Kent 

* Whitlw, William Frederic James, M.D, (Edin.), D.P.H. (Oxon.), Medical 

Officer of Health, Normumberland County Council. Westfield, Cram- 
Ungton, Northumberland 

* Whitson, Sir Thomas Barnby, D.L., LL.D., C.A., Lord Provost of the City 

of Edinburgh (192^32). 27 Eglinton Crescent, Edinburgh 12 
Whittaker, Charles Richard, F.R.C.S.E., F.S.A.Scot., Lynwoed, Hatton Place, 
Edinburgh 9 

Whittaker, Edmund Taylor, M.A., Hon. Sc.D, (Dubl.), Hon. LL.D. (St 
Andrews and California), F.R.S., Foreign Member of the R. Accademia 
dei Lincei, Rome, Member of the Pontincal Academy of Sciences (Vice-' 
President), Professor of Mathematics, University of Edinburgh (16 
Chambers Street). 48 George Square, ^inburgh 8 

* Whittaker, John Macnaghten, M.A. (Edin.), M.A. (Cantab.), D^Sc.^ Professor 

6 i Pure Mathematics, University of Liverpool 


gerrloe on 
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1916-19, 

1925-28 


1924-26. 

Treasurer 

1926-37. 

V-P 

* 937 - 


19*3-16, 

1921-24, 

*932“3S. 

1936-37. 

Treasurer 
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1922-25. 

Sec* 

1916-22. 

V-P 

1937- 
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t)«tt or ] 
Eleotlon' 

1036 

1918 


*935 

*934 

1929 


C. 


1918 


*934 


1926 
1908 
1928 

1910 

1927 


C N, 

C. 

C. 

C. 


1911 

1902 


V. J. 


1922 

1920 


c. 


1938 

1924 

*895 


1934 


* 93 * 


C. 


1922 

*937 


I C. B. 



1911 C. 

*938 

1882 

*904 


* Whyte, Andrew, A.C.A., F.R.G.S., Chartered Accountant. The Knoll, i 

Linden Avenue, Darlington 

* Whyte, Rev. Charlei, M.A., LL.D., F.R.A.S., U.F. Church Manae, Kinga- 
I wells, Aberdeen 

I * Whyte, Sir William Edward, Kt., O.B.E., J.P., Solicitor. Balgay, Uddingston 

* Whyte, William, Cashier and General Manager of the Royal Bank of Scotland. 

Baberton House, Juniper Green, Edinburgh 

* Wicaner, Bertold Paul, D.Sc., formerly Macaulay Lecturer, Institute of Animal 

Genetics, ITnivcrsity of Edinburgh. 37 Great Cumberland Place, Lond.on, 
W. I 

* Wight, John Thomas, M.I.Mech.E,, M.T.Mar.E., Joint Managing Director, 

Messrs MacTaggart, Scott & Co., Ltd., Loanhead. Calderwood Villa, 
Lasswade 

* Wigbtman, William Persehouac Deliale, Ph.D., M.Sc, (Lond.), Science Master, 

Edinburgh Academy. 36 Coltbridge Terrace, Edinburgh 12 

* Williams, Samuel, Ph.D., Lecturer in Plant Morphology, University of Glasgow. 

27 Lindsay Place, Kelvindale, Glasgow 

Williamson, Henry Charles, M.A., D.Sc., formerly Naturalist to the Fishery 
Board for Scotland. 13 Windsor Street, Dundee 

* Williamson, John, M.A. (Edin,), Ph.D. (Chicago), Associate Professor of 

Mathematics, Johns Hopkins University, Baltimore, U.S.A. 

Williamson, W’^illiam, F.L.S., 47 St Alban's Road, Edinburgh 9 

* Williamson, William Turner Horace, B.Sc. (Aberd.), Ph.D, (Edin.), Chief 

Chemist, Egyptian Ministry of Agriculture, Cotton Research Board, Gisa, 
Egypt 

Wilson, Andrew, O.B.E., D.L., M.Inst.C.E. 51 Queen Street, Edinburgh 2 
t Wilson, Charles Thomson Rees, C.H., M.A., LL.D., D.Sc., F.R.S., Nobel Prize, 
Physics, 1927, Emeritus Professor of Natural Philosophy, University of 
Cambridge. 196 Grange Loan, Edinburgh 9 

* Wilson, John, F.R.I.B.A., Chief Architect, Scottish Department of Health. 

20 Lomond Road, Edinburgh 5 

* Wilson, Malcolm, D.Sc. (London), A.R.C.S., F.L.S., Reader in Mycology 

and Bacteriolo^, University of Edinburgh (Royal Botanic Garden). 
Brent Knoll, Kinnear Road, Edinburgh 4 

* Wilson, Robert, Master Printer, Partner of Messrs H. and J. Pillaus & W'ilson, 

Edinburgh. 13 Corrennie Drive Edinburgh, 10 

* Wilson, William, M.A., LL.B., Advocate, Regius Professor of Public Law, 

University of Edinburgh (South Bridge). 38 Moray Place, Edinburgh 3 
Wilson*Barker, Sir David, Kt., R.D., R.N.R,, F.R.G.S., formerly Captain* 
Superintendent, Thames Nautical Training College, H.M.S. ‘‘Worcester.” 
12 Bolan Street, Ixindon, S.W. ii 

* Winstanley, Arthur, M.B.E., D.Sc. (Eng.) (Lond.), M.LMin.E., Mining 

Engineer to Saiety in Mines Research Board. 18 St John's Road, 
Edinburgh 12 

* Wishart, Jolm, M.A., B.Sc. (Edjn.), M.A. (Cantab.), D.Sc. (Lond.), Reader 

in Statistics, University of Cambridge. Croft I..odgc, Barton Road, Cam* 
bridge 

* Wordie, James Mann, M.A. (Cantab.), B.Sc. (Glas.), St John's College, Cam- 

bridge 

“ Wright, Edward Maitland, B.A. (Lond.), M.A,, D.Phil. (Oxon,), Professor of 
Mathematics, University of Aberdeen. 52 O^Uego Bounds, Aberdeen. 

* Wright, James, F.G.S.. Balado, 212 Colinton Road, Edinburgh 11 

t Wright, Sir Robert Patrick, LL.D., formerly Chairman of the Board of Agri¬ 
culture for Scotland. The Heugh, North Berwick, East Lothian 
Wrigley, Rune Whitehead, M.A. (Cantab.), Assistant Astronomer, Royal 
Observatory, Edinburgh 

* Wyburti, Gcor^ McCrcath, M.B., Ch.B. (Glas.), F.R.F.S.P.G., Lecturer in 

Anatomy, University of Glasgow 

* Young, Andrew White, M.A,, B.Sc., LL.B. (Edin.), W.S. 15 Great Stuart 

Street, Edinburgh 3 

Young, Frank W., C.B.E., F.C.S., H.M. Inspector of Schools (Emeritus). 
Panera, Shortheath, Farnham, Surrey 

Young, Robert B., M.A., D.Sc., F.G.S., Professor of Geology, University of the 
Witwatersrand (South African School of Mines and Technology), Johannes¬ 
burg, Transvaal 

Number of Fellows, 753, 
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HONORARY FELLOWS OF THE SOCIETY. 

(At 24M October 1938.) 


1920 HIS ROYAL HIGHNESS THE DUKE OF WINDSOR, K.G. 

FOREIONBItS (UMITBO TO FORTY-FOUR BY LaW I), 

filActed 

1936 Leo Hendrik Baekeland, Professor (Honorary) of Chemical Engineering, Columbia 

University, New York. Bakelite Corporation, 347 Park Avenue, New York City. 

1916 Charles Eugene Barrels, formerly Professor of Geology and Mineralogy, University, Lille, 
France. 41, Rue Pascal, Lille. 

1923 Henri Bergson, Honorary Professor, College of France, Paris. 

1930 Vilhelm Frimann Koren Bjerknes, Professor of Physics, University of Oslo. 

1937 Marston Taylor Bogert, Professor of Organic Chemistry, Columbia University, N.Y. 

1927 Niels Bohr, Nobel Laureate, Physics, 1922, Professor of Physics, University of Copenhagen. 
1927 Jules Bordet, Nobel Laureate, Medicine, 1919, Professor of Bacteriology, University of 

Brussels. 

1933 Filippo Bottaszi, Professor of Experimental Physiology, Royal Institute of Physiology, 
S. Andrea dclle Dame, 21, Naples. 

1923 Marcellin Boule, Director of the Institute of Human Palaeontology, i, Rue Reny-Panhard, 
Paris, Xllle. 

1905 Waldemar Christofer Brdgger, Professor of Mineralogy and Geology, K. Frederiks 
Universitet, Oslo. 

1916 Douglas Houghton Campbell, Emeritus Professor of Botany, Stanford University,California. 
1930 Walter Bradford Cannon, Professor of Physiolo^, Harvard University, Cambridge, Mass. 
1930 Maurice Caullcry, Professor of Zoolo^ in the University of Paris. Laboratoirc devolution 
des Etres organises, 105 Bould. Raspail, Paris, VI*. 

1933 Edwin Grant Conklin, formerly Professor of Biology, Princeton University, N.J, 

1921 Reginald Aldworth Daly, Professor of Geology, Harvard University, Cambridge, Mass. 
1927 Albert Einstein, Nobel Laureate, Physics, 1921, Princeton University, NJ. 

1938 Federigo Enriques, Professor of Mathematics, Royal University, Rome. 

1934 Bjdrn Helland-Hansen, Gecmhvsical Institute, Bergen. 

1921 Johan Hjort, Professor of M^arine Biology, University, Oslo. 

1923 Arnold Frcdcrik Holleman, Emeritus Professor of Organic Chemistry, University, 
Amsterdam. Boekensteijn Parkweg 7, Bloemcndaal. 

1934 Bernardo Houssay, Professor of Physiology, National University of Buenos Aires. 

1937 C. U. AriSns Kappers, Director of the Central Institute of Brain Research, Amsterdam, 
and Professor of (Comparative Neurology', University, Amsterdam. 

1933 Nikolaj Konstantinovic Koltsoff, formerly Professor of Zoology, State University, Moscow; 

Director of the Research Institute of Experimental Biology. Moscow 64, Voronzovo 
Pole 6. 

1923 Tullio Levi-Civita, Professor of Mathematics, Regia University, Rome. 

*934 Frank Rattray Lillie, Emeritus Professor of Zoology and Embryology, University of Chicago, 
and President, National Academy of Sciences, Washington, D.C. 

1936 Maurice Lugeon, Professor of Geology, University, Lausanne. 

1927 Hans Horst Meyer, Emeritus Professor of Pharmacology, University of Vienna. 

1934 Thomas Hunt Morgan, Nobel Laureate, Medicine, *933, Professor of Biology, California 

Institute of Technology, Pasadena. 

1933 Albrecht Penck, Geheimrat, Emeritus Professor of Geography, Friedrich-Wilhelms- 

Universitat, Berlin. Geographisches Institut, Universitkts-strasse 3^, Berlin, N.W. 7 
1920 Charles £mile Heard, Perpetual Secretary, Academy of Sciences, Paris. 

1937 Max Planck, Nobel Laureate, Physics, 1918, Professor Ordinarius Emeritus of Theoretical 

Physics, Director of the Institute for Theoretical Physics, University of Berlin. . 

1938 Henty Norris Russell, For.Mem.R.S., Chairman of the Department of Astronomy and 

Director of tlie Observatory, Princeton University, U.S.A. 

1934 Paul Sabatier, Nobel Laureate, Chemistry, 1912, Professor of Chemistry, University of 

Toulouse. 

1936 George Sarton, Editor of Isis and Osiris^ Harvard Library, 185, Cambridge, Mass. 

1930 Erik Helge Oswald Stensid, Professor of Palaeontology and Historical Geology, Royal 
University of Upsala. 

1936 ( 3 eorge Linius Streeter, Director, Department of Embryology, Carnegie InsUtution of 
Washington, Corner Wolfe and Madison Streets, Baltimore. 3707 St Paul 
Stylet, Baltimore, Md. 
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Bteettd 

1938 Karl Freiherr von TuVjeuf, Professor of Botany, University of Munich* 

1936 Nikolai Ivanovic Vavilov, Director of the Institute of Plant Industry, Academy of Sciences, 
Leningrad, U.S.S.R. 

1913 Vito Volterra, formerly Professor of Mathematical Physics, Regia Universiti. Villa 
Volterra, Ariccia, near Rome. 

1927 Richard Willst&tter, Nobel Laureate, Chemistry, 1915, formerly Professor of Chemistry, 
University of Munich* 

1923 Edmund Beecher Wilson, formerly Professor of Zoolo^, Columbia University, New York. 
*933 Ficter Zeeman, Nobel Laureate, Physics, 1902, Emeritus Professor of Physics, University, 
Amsterdam. Stadhouderskadc 158, Amsterdam. 

Total, 42, 

British Subjects (limited to twenty-two by Law I). 

*937 John Logie Baird, Inventor of the Televisor. 3 Crescent Wood Road, Sydenham, 
London, S.E. 

1936 Sir Charles Vernon Boys, Kt, A.R,S.M., LL.D., F.R.S., St Maryboumc, Andover. 

1927 Sir William Henry Bragg, O.M., K.B.E., M.A„ I).Sc., LL.D., President R.S., Nobel 
Laureate, Physics, 1915, FuUerian Professor of Chemistry, Royal Institution, London, 

1937 William Thomas Calrnan, C.B., D.Sc., LL.D (St Andrews), F.R.S., formerly Keeper of 

Zoology, British Museum. 24 Lexham Gardens, London, W. 8. 

1936 Sir Henry Hallett Dale, Kt., C.B.E., M.D., Hon* D.Sc., F.R.S., Joint Nobel Laureate, 
Medicine, 1936, Director of the National Institute for Medical Research, Mount 
Vernon, I.ondon, N.W. 3. 

*936 Frederick George Donnan, C.B.E., M.A., Ph.D., D.Sc., LL.D., F.R.S., formerly Professor 
of Chemistry, University of London, and Director of Chemical Laboratories, University 
College. 23 Woburn Square, London, W.C. i 

1930 Sir Arthur Stanley Eddington, O.M., Kt., M.A., Hon. D.Sc,, LL.D., F.R.S., Plumian 
Professor of Astronomy and Experimental Philosophy, University of Cambridge. 

1927 Sir John Bretland Farmer, Kt., M.A., D.Sc., LL.D., F.R.S., Emeritus Professor of Botany, 
Imperial College of Science and Technology, London, St Leonard’s, Weston Road, 
Bath. 

X900 Andrew Russell Forsyth, M.A., Sc.D., LL.D., Hon, Math.D., F.R.S., Emeritus Professor 
of Mathematics, Imperial College of Science and Technology, London; formerly 
Sadleirian Professor of Pure Mathematics, University of Cambridge. 

1910 Sir James George Frazer, Kt., O.M., D.C.L., LL.D., Litt.D., F.B.A., F.R.S., Commandeur 
dc la Legion d’Honneur. Trinity College, Cambridge. 

1927 Sir Frederick Gowland Hopkins, O.M., Kt., M.A., M.B., Hon. D.Sc., LL.D,, Past President 
R.S., Joint Nobel Laureate, Medicine, 1929, Sir William Dunn Professor of 
Biochemistry, University of Cambridge 

1930 Sir Arthur Keith, Kt,, M.D., LL.D., F.R.S., Master, Buckston Browne Research Farm, 
Downe, Farnborough, Kent. 

1910 Sir Joseph Larmor, Kt., M.A., D.Sc., LL.D., D.C.L., F.R.S., formerly Lucasian Professor 
of Mathematics, University of Cambridge. St John*s College, Cambridge. 

1938 Sir Thomas Lewis, Kt., C.B.E., D.Sc,, M.D., I.L.D., F.R.S., Consulting Physician, 

Ministry of Pensions, Physician-in-Charge of Department of Clinical Research, 
University College Hospital, London. 

1933 Sir George Macdonald, K.C.B., D.Litt., Litt.D., LL.D., F.B.A., formerly Secretary, Scottish 

Education Department, 17 Learmonth Gardens, Edinburgh 4. 

1934 Sir Edward Bagnall Poulton, Kt., M.A., D.Sc., LL.D., F.R.S,, formerly Hope Professor of 

Zoology, University of Oxford. Wykeham House, Banbury Road, Oxford. 

1930 Robert Robinson, M.A., D.Sc., LL.D., F.R.S., Waynflete Professor of Chemistry, University 
of Oxford. 

*933 Sir William Napier Shaw, Kt., Sc.D.(Cantab.), LL.D., F.R.S., formerly Director Meteoro* 
logical Office. 10 Moreton Gardens, London, S.W, 5. 

1908 Sir Charles Scott Sherrington, O.M., G.B.E., M.A,, D.Sc., M.D., LL.D., Past President 
R.S., Joint Laureate, Nol>el Prise, Medicine, 1932, formerly Waynflete Professor of 
Physiology, University of Oxford. Broomsidc, Valley Road, Ipswich, 

1938 Geoffrey Ingram Taylor, M,A., Hon.D.Sc., F.R.S., Yarrow Research Professor of the 
Royal Society, Fellow of Trinity College, Cambridge, 

1905 Sir Joseph John Thomson, O.M., Kt., D.Sc., LL.D,, Past President R.S., Nobel Laureate 
Physios, 1906; formerly Cavendish Professor of Experimental Plwsics, now Professor 
of Plwslcs, University of Cambridge, Master of Trinity College, Cambridge. 

1934 William Whitehead Watts, Sc.D., M.Sc., LL.D., F.R.S., Emeritus Professor of Geology, 
Imperial College of Science and Technology, London, Hillside, Langley Park, Sutton, 
Surrey, 

Total, 22. 
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CHANGES IN FELLOWSHIP DURING SESSION X937-X938* 


FELLOWS OF THE SOCIETY ELECTED. 


CHARLES HENRY WILLIAM 
GATACRE ANDERSON. 

PAUL BACSICH 

DAVID ARMITAGE BANNERMAN 

ALEXANDER WILLIAM MORTON 
BEVERIDGE. 

GEOFFREY BERNARD BROOK. 

CHARLES AUGUSTUS CARLOW. 

SIR IAIN COLQUHOUN. 

MARTIN MELVIN CRUICKSHANK. 

STANLEY CURSITER. 

JOHN MICHAEL DEWAR. 

NORMAN McOMISH DOTT. 

THE RIGHT HON. LORD ELPHIN- 
STONE. 

CHARLES HENRY PEARSON GIF¬ 
FORD. 

CECIL GORDON. 

WILLIAM SMITH GORDON. 

RAM KUMAR GOYAL. 

JAMES ROBERTSON CAMPBELL 
GREENLEES. 

GEORGE HOGARTH. 

JAMES DALGLEISH HAMILTON 
JAMIESON. 


ALLISTER MIDDLETON Mac- 
GILUVRAY. 

ALEXANDER MACKIE. 

WILLIAM HUTCHISON McMILLAN. 
DONALD MAINLAND. 

CHARLES ALEXANDER MALCOLM. 
SIR JOHN MAXWELL STIRLING 
MAXWELL, 

HARRY HENDERSON MONTEATH. 
SANFORD STERLING MUNRO. 
THOMAS CRAWFORD PHEMISTER 
ANDREW MAITLAND RAMSAY. 

THE RT. HON. THE EARL OF ROSE¬ 
BERY. 

JAMES SANDILANDS. 

ARTHUR HENRY HAVENS SINCLAIR. 
JAMES STEWART. 

JOHN LIVINGSTONE STEWART. 
ARTHUR LANDSBOROUGH THOMSON. 
ROBERT THOMSON. 

ANDREW TOPPING. 

ARTHUR ELIJAH TRUEMAN. 
OSWALD JAMES WALKER. 

ROBERT WII^ON. 

GEORGE McCREATH WYBURN. 


HONORARY FELLOWS ELECTED, 

FOREIGN, 

FEDERICO ENRIQUES, Rome. | HENRY NORRIS RUSSELL, Princeton. 

KARL FREIHERR VON TUBEUF, Munich. 


BRITISH, 

SIR THOMAS LEWIS, London. 

FELLOWS 


O. CHARNOCK BRADLEY. 

SIR CHARLES BRIGHT. 

REV. THOMAS BURNS. 

SIR JOHN JAMES BURNET. 

WILLIAM EAGLE CLARKE, 

SIR JAMES CRICHTON-BROWNE. 
ALEXANDER JOHN DEY. 

MALCOLM JAMES ROWLEY DUN- 
STAN. 

ALEXANDER GALT. 

SIR WILLIAM CAMPBELL JOHNSTON. 


I GEOFFREY INGRAM TAYLOR, Cam- 
I bridge. 

DECEASED. 

SIR WILLIAM COLIN MACKENZIE. 
EDALJI MANEKJI MODI 
(DMf \xth September 1924). 

SIR ROBERT LUDWIG MOND. 
WILLIAM CARSTAIRS REID. 

HON. ALEXANDER WILLIAM 
ROBERTS. 

DAVID ALAN STEVENSON. 

ROBERT BLACK THOMSON. 

JOHN EDWARD TOUCHE. 

SIR DAVID PERCIVAL DALBRECK 
WILKIE. 


FOREIGN HONORARY FELLOWS DECEASED. 

JOHN JACOB ABEL. I WILLIAM WALLACE CAMPBELL. 

GEORGE ELLERY HALE. 


FELLOWS RESIGNED. 

THOMAS ALTY. j GEORGE SAMUEL EASTWOOD. 

ROBERT GORDON CARRUTHERS. j JOHN MILLER WOODBURN MORISON. 

FELLOWS REMOVED PROM ROLL. 

GEORGE TOPHAM FORREST. I L. W. GORDON MALCOLM. 

ALEXANDER STEVENS. 
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LAWS OF THE SOCIETY. 


Adopted July 3, 1916; amended December 18, 1916. 


Law amended February 5, 1934. 
VI, „ „ 7, 1921. 

» H I. July 2, 1928. 

„ Vin, „ May 3, 1920* 


Law IX, amended May 3, 1920* 

„ XIII, „ May 3, 1920. 

„ XIX, „ June 16, 1924. 


1 . 

THE ROYAL SOCIETY OF EDINBURGH, which was instituted 
by Royal Charter in 1783 for the promotion of Science and Literature, 
shall consist of Ordinary Fellows (hereinafter to be termed Fellows) and 
Honorary Fellows. The number of Honorary Fellows shall not exceed 
sixty-six, of whom not more than twenty-two may be British subjects, and 
not more than forty-four subjects of Foreign States. 

Fellows only shall be eligible to hold office or to vote at any Meeting 
of the Society. 

ELECTION OF FELLOVl^S. 

IL 

Each Candidate for admission as a Fellow shall be proposed by at 
least four Fellows, two of whom must certify from personal knowledge. 
The Official Certificate shall specify the name, rank, profession, place of 
residence, and the qualifications of the Candidate. The Certificate shall 
be delivered to the General Secretary before the 30th of November, and, 
subject to the approval of the Council, shall be exhibited in the Society’s 
House during the month of January following. All Certificates so 
exhibited shall be considered by the Council at its first meeting in February, 
and a list of the Candidates approved by the Council for election shall be 
issued to the Fellows not later than the 21st of February. 

III. 

The election of Fellows shall be by Ballot, and shall take place at the 
first Ordinary Meeting in March. Only Candidates approved by the 
Council shall be eligible for election. A Candidate shall be held not 
^ected, unless he is supported by a majority of two-thirds of the Fellows 
present and voting. 
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IV. 

On the day of election of Fellows two scrutineers, nominated by the 
President, shall examine the votes and hand their report to the President, 
who shall declare the result, 

V. 

Each Fellow, after his election, is expected to attend an Ordinary 
Meeting, and sign the Roll of Fellows, he having first made the payments 
required by Law VI. He shall be introduced to the President, who shall 
address him in these words:— 

In the name and by the authority of THE ROYAL SOCIETY 
OF EDINBURGH, I admit you a Fellow thereof. 


PAYMENTS BY FELLOWS. 

VI. 

Each Fellow shall, before he is admitted to the privileges of Fellowship, 
pay an admission fee of three guineas, and a subscription of three guineas 
for the year of election. He shall continue to pay a subscription of three 
guineas at the beginning of each session so long as he remains a Fellow. 

Each Fellow who was elected subsequent to December 1916 and 
previous to December 1920 shall also pay a subscription of three guineas 
at the beginning of each session so long as he remains a Fellow. 

Each Fellow who was elected previous to December 1916, and who 
has not completed his twenty-five annual payments, shall, at the beginning 
of each session, pay three guineas until his twenty-five annual payments 
are made. Each Fellow who has completed or shall complete his pay¬ 
ments shall be invited to contribute one guinea per annum or to pay 
a single sum of ten guineas. 

A Fellow may compound for the annual subscriptions by a single 
payment of fifty guineas, or on such other terms as the Council may 
from time to time fix. 

VII. 

A Fellow who, after application made by the Treasurer, fails to pay 
any contribution due by him, shall be reported to the Council, and, if the 
Council sec fit, shall be declared no longer a FelloWt Notwithstanding 
such declaration all arrears of contributions shall remain exigible. 
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ELECTION OF HONORARY FELLOWS. 

VIII, 

Honorary Fellows shall be persons eminently distinguished in Science 
or Literature. They shall not be liable to contribute to the Society’s 
Funds. Personages of the Blood Royal may be elected Honorary Fellows 
at any time on the nomination of the Council, and without regard to the 
limitation of numbers specified in Law I. 

IX. 

Honorary Fellows shall be proposed by the Council. The nominations 
shall be announced from the Chair at the First Ordinary Meeting after 
their selection. The names shall be printed in the circular for the last 
Ordinary Meeting of the Session, when the election shall be by Ballot, 
after the manner prescribed in Laws III and IV for the Election of 
Fellows. 


EXPULSION OF FELLOWS. 

X. 

If, in the opinion of the Council, the conduct of any Fellow is injurious 
to the character or interests of the Society, the Council may, by registered 
letter, request him to resign. If he fail to do so within one month of 
such request, the Council shall call a Special Meeting of the Society to 
consider the matter. If a majority consisting of not less than two-thirds 
of the Fellows present and voting decide for expulsion, he shall be expelled 
by declaration from the Chair, his name shall be erased from the Roll, and 
he shall forfeit all right or claim in or to the property of the Society. 

XI. 

It shall be competent for the Council to remove any person from the 
Roll of Honorary Fellows if, in their opinion, his remaining on the Roll 
would be injurious to the character or interests of the Society. Reasonable 
notice of such proposal shall be given to each member of the Council, 
and, if possible, to the Honorary Fellow himself Thereafter the decision 
on the question shall not be taken until the matter has been discussed at 
two Meetings of Council, separated by an interval of not less than fourteen 
days. A majority of two-thirds of the members present and voting shall 
be required for such removal. 
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MEETINGS OF THE SOCIETY. 

XII 

A Statutory Meeting for the election of Council and Office-Bearers, 
for the presentation of the Annual Reports, and for such other business 
as may be arranged by the Council, shall be held on the fourth Monday of 
October. Each Session of the Society shall begin at the date of the 
Statutory Meeting. 

XIII. 

Meetings for reading and discussing communications and for general 
business, herein termed Ordinary Meetings, shall be held, when con¬ 
venient, on the first and third Mondays of each month from November 
to July inclusive, with the exception that in January the meetings shall 
be held on the second and fourth Mondays. 

XIV. 

A Special Meeting of the Society may be called at any time by direction 
of the Council, or on a requisition to the Council signed by not fewer than 
six Fellows. The date and hour of such Meeting shall be determined by 
the Council, who shall give not less than seven days’ notice of such 
Meeting. The notice shall state the purpose for which the Special 
Meeting is summoned; no other business shall be transacted. 

PUBLICATION OF PAPERS. 

XV. 

The Society shall publish Transactions and Proceedings. The con¬ 
sideration of the acceptance, reading, and publication of papers is vested 
in the Council, whose decision shall be final. Acceptance for reading 
shall not necessarily imply acceptance for publication. 

DISTRIBUTION OF PUBLICATIONS. 

XVI. 

Fellows who are not in arrear with their Annual Subscriptions and 
all Honorary Fellows shall be entitled gratis to copies of the Parts of 
the Transactions and the Proceedings published subsequently to their 
admission. 
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Copies of the Parts of the Proceedings shall be distributed by post or 
otherwise, as soon as may be convenient after publication; copies of the 
Transactions or Parts thereof shall be obtainable upon application, either 
personally or by an authorised agent, to the Librarian, provided the 
application is made within five years after the date of publication. 

CONSTITUTION OF COUNCIL. 

XVIL 

The Council shall consist of a President, six Vice-Presidents, a 
Treasurer, a General Secretary, two Secretaries to the Ordinary Meetings 
(the one representing the Biological group and the other the Physical 
group of Sciences),* a Curator of the Library and Museum, and twelve 
ordinary members of Council. 

ELECTION OF COUNCIL 
XVIIL 

The election of the Council and Office-Bearers for the ensuing Session 
shall be held at the Statutory Meeting on the fourth Monday of October. 
The list of the names recommended by the Council shall be issued to the 
Fellows not less than one week before the Meeting. The election shall 
be by Ballot, and shall be determined by a majority of the Fellows present 
and voting. Scrutineers shall be nominated as in Law IV. 

XIX. 

The President may hold office for a period not exceeding five con¬ 
secutive years; the Vice-Presidents, not exceeding three; the Secretaries 
to the Ordinary Meetings, not exceeding five; the General Secretary, 
the Treasurer, and the Curator of the Library and Museum, not exceeding 
ten; and ordinary members of Council, not exceeding three consecutive 
years; provided that the Treasurer may be re-elected for more than ten 
successive years in cases where the Council declares to the Society that 
an emergency exists. 

XX. 

In the event of a vacancy arising in the Council or in any of the Offices 
enumerated in Law XVII, the Council shall proceed, as soon as con- 

* Tbe Biological group mcludo# Anatomy, Anthropology, Botany, Geology, Pathology, 
P%ticilogy, Zoology; th« Phytt^cal group includes Astremomy, Chemistry, Mathematics, 
Metallurj^, Meteorology, Physics. 
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venient, to elect a Fellow to fill such vacancy for the period up to the next 
Statutory Meeting. 


POWERS OF THE COUNCIL. 


XXI. 

The Council shall have the following powers:—(i) To manage all 
business concerning the affairs of the Society. (2) To decide what papers 
shall be accepted for communication to the Society, and what papers shall 
be printed in whole or in part in the Transactions and Proceedings. (3) 
To appoint Committees. (4) To appoint employees and determine their 
remuneration. (5) To award the various prizes vested in the Society, in 
accordance with the terms of the respective deeds of gift, provided that 
no member of the existing Council shall be eligible for any such award. 
(6) To make from time to time Standing Orders for the regulation of the 
affairs of the Society. (7) To control the investment or expenditure of 
the Funds of the Society. 

At Meetings of the Council the President or Chairman shall have a 
casting as well as a deliberative vote. 

DUTIES OF PRESIDENT AND VICE-PRESIDENTS. 

XXII. 

■ 

The President shall take the Chair at Meetings of Council and of the 
Fellows. It shall be his duty to see that the business is conducted in 
accordance with the Charter and Laws of the Society. When unable to 
be present at any Meetings or attend to current business, he shall give 
notice to the General Secretary, in order that his place may be supplied. 
In .the absence of the President his duties shall be discharged by one of the 
Vice-Presidents. 


DUTIES OF THE TREASURER. 

XXIII. 

The Treasurer shall receive the monies due to the Society and shall 
make payments authorised by the Council. He shall lay before the 
Council a list of arrears in accordance with Rule VII. He shall keep 
accounts of all receipts and payments, and at the Statutory Meeting shall 
present the accounts for the preceding Session, balanced to the 30th of 
September, and audited by a professional accountant appointed annually 
by the Society. 



Laws of the Society. 


359 


DUTIES OF THE GENERAL SECRETARY. 

XXIV. 

The General Secretary shall be responsible to the Council for the 
conduct of the Society’s correspondence, publications, and all other busi* 
ness except that which relates to finance. He shall keep Minutes of the 
Statutory and Special Meetings of the Society and Minutes of the Meetings 
of Council. He shall superintend, with the aid of the Assistant Secretary, 
the publication of the Transactions and Proceedings. He shall supervise 
the employees in the discharge of their duties. 


DUTIES OF SECRETARIES TO ORDINARY MEETINGS. 

XXV. 

The Secretaries to Ordinary Meetings shall keep Minutes of the 
Ordinary Meetings. They shall assist the General Secretary, when 
necessary, in superintending the publication of the Transactions and 
Proceedings. In his absence, one of them shall perform his duties. 


DUTIES OF CURATOR OF LIBRARY AND MUSEUM. 

XXVI. 

The Curator of the Library and Museum shall have charge of the 
Books, Manuscripts, Maps, and other articles belonging to the Society. 
He shall keep the Card Catalogue up to date. He shall purchase Books 
sanctioned by the Council. 


ASSISTANT SECRETARY AND LIBRARIAN. 

XXVII. 

The Council shall appoint an Assistant Secretary and Librarian, who 
fhall hold office during the pleasure of the Council. He shall give all his 
time, during prescribed hours, to the work of the Society, and shall be 
paid according to the determination of the Council. When necessary he 
shall act under the Treasurer in receiving subscriptions, giving out 
recaiptti sfid paying employees. 
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ALTERATIQN OF LAWS. 

XXVIIL 

Any proposed alteration in the Laws shall be considered by the Council, 
due notice having been given to each member of Council. Such altera¬ 
tion, if approved by the Council, shall be proposed from the Chair at 
the next Ordinary Meeting of the Society, and, in accordance with the 
Charter, shall be considered and voted upon at a Meeting held at least 
one month after that at which the motion for alteration shall have 
been proposed. 
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Additions to the Library—Presentations, etc.—i 937 ”X 938 . 

(Presented by Mr William Williamson^ F.R.S.E,<^ F,L,Sl) 

Anfosso, Carlo. Gli Arachnidi i Crostacei e i Vermi. (I-.a Vita e i Costumi 
degli Animali di Luigi Figuier. VI ed ultimo volume.) Fol. Milano, 1882. 

Apstein, Carl. Das SUsswasserplankton: Mcthode und Resultate der quanti- 
tativen Untersuchung. La. 8vo. Kiel und Leipz-ig, 1896. 

Berlesii, Antonii. Acari, Myriopoda et Scorpiones hucusque in Italia reperta. 
Fasc. t-22. 8vo. Padua, 1882-1898. 

—- Index Specierum hucusque editarum, secundum ordinem alphabeticum 
dispositarum. Fasc. 1--77. 8vo. (2 copies.) 

-Note Relative agli Acari, Miriapodi e Scorpioni Italiani. Fasc, 1-4. 8vo. 

Padova, 1884-1886. 

-Ordo Cryptostigmata (Oribatidae), (Acari M5n-iopoda et Scorpiones 

hucusque in Italia reperta.) 8vo. Portici, 1882-1896. 

Bernard, Henry Meyners. The Apodidae: A Morphological Study. 8vo. 
London and New York, 1892. 

Blankaart, Steph. Schou-burg der Rupsen, Wormen, Ma’den, en Vliegende 
Dierkens daar uit voortkomende. . . , Sm. 8vo. Amsterdam, 1688. 

-Schau-Platz der Raupen, Wilrmer, Maden und fliegenden Thiergen. . . . 

(Blankaart*8 Schou-burg der Rupsen, x688.) Translated by Johann Christian 
Rodochs. Sm. 8vo. Lepizig, 1690. 

Brauer, A. Die Susswasserfauna Deutschlands: eine Exkursionsfauna. Hefte 
I, 2a-xg. 8vo, Jena, 1909-1912. ^ 

Braun, M., and Liihe, M. Leitfaden zur Untersuchung der tieri.schen Parasiten 
des Menschen und der Haustiere. La. 8vo. Wurzburg, 1909. 

Brehm, V. Einfuhrung in die Limnologie. 8vo. Berlin, 1930. 

Caiman, W. T. The Life of Crustacea. 8vo. London, 1911. 

Chiin, Carl. Die Beziehungen zwischen dem arktischen und antarktischen 
Plankton. 8vo. Stuttgart, 1897. 

Gonnold, Edward T. British Vegetable Galls: An Introduction to their Study. 
4to. London, 1901. 

“—British Oak Galls. 8vo, London, 1908, 

Plant Galls of Great Britain: A Nature Study Handbook. 8vo. London, 
2909. 

DcKio^ns, Rembert. Purgantium aliarumqueeo faciendum, turn et Radicum, 
Cottvolvulorum ac ddetiarum Herbarum histone Ubri IIIL . . . Acceasit 
appendix vatiarCl . , . Stirpium, ac Florum quorundam peregrinorum . . , 
8vo. Antverpiae, 1574. 

Lehrbuchder Protoxocnkimde: eine DarsteHung der Naturgeschichte 
Beriicksidhtigung der Parasitischen und 
: Pat;|K)genm^ 4th ed. 4to. Jena, 1916. 
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Donnadieu, A. L. Recherches pour servir a I'histoire des T^tranyques. Bvo. 
Lyon et Paris, 1875. 

Eichhorn, Johann Conrad. Beitrage sur Naturgeschichte d^r kleinstfin Was- 
serthiere. . . . 8vo. Berlin und Stettin, 1781. 

Eyferth, B. Einfachste Lebensformen des Tier- und Pflanzenreichs. Fiinfte 
Auflage, vollst^ndig neu bearbeitet von Walther Schoenichen. Band I; 
1924-25. Band II: 1926-27. 8vo. Berlin, 1925, 1927, 

Fabricius, lo. Christ, Systema Entomologise. 8vo. Fiensburgi et Lipsise, 1775, 

-Genera Insectorum. 8vo. Chilonii, 1776. 

Fabricius, Johann Christian. Systema Antliatorum . . . adjectis synonymis, locis, 
observationibus, descriptionibus. 8vo. Brunsvigae, 1805. 

Folsom, Justus Watson. Entomology, with special reference to its Ecological 
Aspects. 3rd revised ed. 8vo. London, 1923. 

Franck, R, H. Die Klein welt des Siisswassers. 8vo. Leipzig, 1910. 

Frisch, Johann Leonhard. Beschreibung von allerley Insecten in Deutschland. . . . 
I-13 Thl., 1721-1766. 8vo. Berlin, 1766. 

Goedart, Johann. Metamorphosis et historia naturalis Insectorum . . . cum 
commentariis D. J. de Mey. Sm. Bvo. Medioburgi, 1662. 

-Johannes Goedartius de Insectis, in methodum redactus; cum notularum 

additione. Opert M. Lister . . . Item appendicis ad Historiam Animalium 
Anglia? ejusdem M. Lister, altera editio hie quoque exhibetur. Una cum 
Scarabaeorum Anglicanorum quibusdam tabulis mutis. 8vo, Londini, 1685, 

Hagen, Hermann August, Bibliotheca Entomologica. Die Litteratur iiber 
das ganze Gebiet der Entomologie bis zpm Jahre 1862. Erster Band: 
A-M. Zweiter Band: N-Z. Mit einem Systematischen Sachregister. 
8vo. Leipzig, 1862-1863. 

Hahn, Carl Wilhelm. Griindliche Anweisung Krustenthiere, Vielfiisse, Asseln, 
Arachniden und Insecten aller Klassen. . . . Bvo. Niirnberg, 1834. 

Herqld, Moritz Johann David. Exercitationes de Animalium vertebris carentium 
in ovo formatione. Pars prima. De generatione Amearurn in Gvo. Fol. 
Marburgi, 1824. 

Hincks, Thomas. A History of the British Hydroid Zoophytes. Two Vols. 
Text and Plates. 8vo. London, 1868. 

Horv&th, G^za. Zoologische Ergebnisse der Dritten Asiatischen Forschungs- 
reise des Grafen Eugen Zichy. Redigirt von Gdza Horvath, (Dritte 
Asiatische Forschungsfeise des Grafen Eugen Zichy. Band II.) La. 4to. 
Budapest und Leipzig, 1901. 

Kofoid, Charles Atwood. The Biological Stations of Europe, Svo, Washing¬ 
ton, 1910. 

Lampert, Kurt. Das Leben der BinnengewUsser. and ed, 4to, Leipzig, xqro, 

Ledermueller, Martin Frobenius. Mikroskopischer Gemiiths- und Augen-^ 
Ergdtzung. . . , 4to. NUrnberg, 1760. 

-Nachleese seiner mikroskopischen Gemiiths- und Augen-Erg6tatung, 

I(-V) Sammlung. 4to. Niirnberg, I76^(“X763). 

-— Abgendthigte Vertheidigung; als ein Anhang seiner MikroskopiscKen 
Gemuths und Augen-Ergatzung. . , . (Cemtiuned in LedemiUier^s 
/ew as the first appendix.) 4to, Numberg, xyds- 
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Leuckart, Rudolf. Bau und Entwicklungsgeschichte der Pentastomen. Nach 
Untersuchungen besonders von Pent, ianioides und P. deniiculaium. 4to. 
Leipzig und Heidelberg, i860. 

Lister, Martin. D. M. Listers . . . Naturgeschichte der Spinnen iiberhaupt 
und der Engelltodischen Spinnen insondetheit aus dem Lateinischen 
iibersetzt, und mit Anmerkungen vermehrt von D. F, H. W. Martini nach 
dessen Handschrift aber zum Druck befdrdert, und mit neuen Zusatzen 
versehen von J. A. E. Goeze. 8vo. Quedlinburg und Blankenburg, 1778. 

Michaelis, Leonor. Dynamik der Oberflachen. Eine Einfuhrung in biologische 
Oberfiachen-studien. 8vo. Dresden, 1909. 

Midler, O. F. Fauna Insectorum Fridrichsdalina. . . . 8vo, Hafnise et 
Lipsiee, 1764. 

Muller, Otho Frederic. Hydrachnae, quas in aquis Dani« palustribus detexit, 
descripsit. . . curavit O. F. Mdller, 4to. Lipsiee, 1781. 

Muller, Philipp Ludwig Statius. Des Ritters Carl von Linn6 . . . voUstandiges 
Natursystem nach der zwolften Lateinischen Ausgabe und nach Anleitung 
des Hollandischen Houttuynischen Werks, mit einer ausfiihrlichen Erk- 
l&rung ausgefertigt von P. L. S. Muller. Fiinfter Theil: von den Insecten. 
Bd. I, II. Supplements und Register-Band. 8vo. Niirnberg, 1774, 1775, 

1789. 

Needham, James G., and others. Aquatic Insects in New York State* 8vo. 
Albany, 1903. 

-and Lloyd, J. T. The Life of Inland Waters: an elementary textbook of 

fresh-water biology for American students. 8vo. Ithaca, New York, 1916. 

Nuttall, George H. F., and others. Ticks: A Monograph of the Ixodoidea. 
8vo. Cambridge, 1908-1926. 

Pogenstecher, H. A. Bcitrage zur Anatomic der Milben. Hefte i, 2. Fob 
Leipzig, 1860-1861. 

Pascher, A. Die Su8Swas.ser-Flora Deutschlands, Osterreichs und der Schweiz 
(Mitteleuropas). Herausgegeben von A. Pascher. Hefte 1-7; 9; 10 ist 
und 2nd Aufiage; 11-12; 14 ist und 2nd Auflage; und 15, 8vo. Jena, 
1913-1936. 

Pearce, E. K. Typical Flies: A Photographic Atlas of Diptera, eluding 
Aphaniptera. Ser. I-III. 4to. Cambridge, 1915-1928. 

Perty, Maximilian. Zur Kenntniss kleinster Lebensformen nach Bau, Funk- 
tionen, Systematik, mit Specialverzeichniss der in der Schweiz. Fol. Bern, 
1852. 

Plowright, Charles B, Monograph of the British Uredineae and Ustilaginese. 
8vo* London, 1889. 

Samouelle, George. The Entomologist's Useful Compendium; or an Introduc¬ 
tion to the Knowledge of British Insects. . , • 8vo. London, 1819. 

Schenk, Edward T,, and McMasters, John H. Procedure in Taxonomy. In¬ 
cluding a Reprint of the International Rules of Zoological Nomenclature 
with Summaries of Opinions rendered to the present date. Completely 
indexed* 8vo. Stanford University, California, and London, 1936. 

Schneider, Hans. Die Botanische Mikrotechnik* Ein Handbuch der mikro- 
skopisdien Arbeitsverfahren. Des gleichnamigen Werkes von A. Zimmer- 
tnimn. and ed. La* 8vo. Jena, 1922. 
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Schrank, F. von P. von. Enumeratio Insectorum Austrise Indigenonim. 8vo. 
August® Vindelicorum, 1781. 

Schurig, Walther. Hydrobiologisches und Plankton-Praktikum. Eine erste 
Einfiihrung in das Studium der Susswasserorganismen. 8vo. Leipzig, 
1910, 

Senft, Emanuel. Mikroskopische JJntersuchung des Wassers mit Bczug auf die 
in Abwassern und Schmutzwassern vorkommenden Mikro-organismen und 
Verunreinigungen. La. 8vo. Wien, 1905. 

Steuer, Adolf. Planktonkunde. 8vo. Leipzig und Berlin, 1910. 

Stoll, Otto. Arachnida Acaridea. Biologia Central!-Americana. 4to. London, 
1886-1893. 

Sulzer, Johann Heinrich, Die Kennzeichen der Insekten, nach Anleitung des 
. . . Ritters . . . Karl Linnaeus durch xxiv Kupfertaf^eln erlautert und mit 
derselben naturlichen Geschichte begleitet. 8vo. Zurich, 1761. 

-Abgekurzte Geschichte der Insecten nach dem Linaeischen System. 2 Thl. 

4to. Winterthur, 1776. 

Swammerdam, Jean. Histoire generate des Insectes; oh Ton expose clairement 
la mani^re lente & presqu* insensible de raccroissement de leurs membres, 
& oh Ton ddcouvre ^videmment Terreur oh Ton tomhe d^ordinaire au sujet 
de leur pr6tendue transformation. 8vo. Utrecht, 1682, 

Thienemann, August. Das Leben im Susswasser. Eine Einfuhrung in die 
biologischen Probleme der Limnologie, 8vo. Breslau, 1926. 

-Die Binnengewasser Mitteleuropas. Eine limnologische Einfuhrung. 

8vo. Stuttgart, 1925. 

Das Tierreich. Acarina; Lief. 3: Oribatidae by A. D. Michael. Lief. 7: 
Demodicidae und Sarcoptidae bearbeit von G. Canestrini und P. Kramer. 
Lief. 26: Ixodidae par L. G. Neumann. 8vo. Berlin, 1898, 1899, 1911. 

Walckenger, C. A. (Baron Charles Athanasie de Walckenaer). Faune Parisienne, 
Insectes; ou histoire abr6g6e des Insectes des environs de Paris, classes 
d^apr^s le systfeme de Fabridus; Pr^c6d6e d’un discours sur les Insectes en 
gdn^ral, pour servir d^introduction k T^tude de Tentomologie. Tomes I, IL 
8vo. Paris, An XI.—1802. 

Walckeneer, M. le Baron, et Gervais, Paul. Histoire naturelle des Insectes. 
Apthres. Tomes I, II par M. le Baron Walckcnser, 1837. Tomes II et IV 
par M. le Baron Walckenaer et M. Paul Gervais, 1844 et 1847. Atlas, 
undated. 8vo. Paris, 1837-1847. 

Ward, Henry Baldwin, and Whipple, George Chandler. Fresh-Water Biology. 
8vo. New York, 1918. 

Welch, Paul S. Limnology. 8vo. New York and London, 1935, 

Westwood, John Obadiah. The Entomologist’s Text-book: an Introduction to 
the Natural History, Structure, Physiology, and Classification of Insects, 
induding the Crustacea and Arachnida. 8vo. London, 1838. 

Winterschmidt, Adam Wolfgang. Beobaebtung einer Stuben- Mllke mit sehr 
vie! kleinen Insekten. , . . (Contained in Ledermuller’s JVaMme as the 
second appendix.) 4to. NUmberg, 1765. 

Zacharias, Otto. Die Tier- und Pflanzenwelt des Siisswassers. Einfiihrun|f in 
das Studium derselben. Bd. I, IL 8vo. Leipzig, 1891. 
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Additions to the Library — Presentations^ etc. 

{Presented by Mr Hamilton Kilgour^ St Panfs Vicarage^ Brooke Roadj 

London^ E. 8.) 

Boole, George, Treatise on Differential Equations. Supplementary Volume. 
8vo, Cambridge and London, 1865. 

—— A Treatise on Differential Equations. 3rd ed. 8vo. London, 1872. 

-A Treatise on the Calculus of Finite Differences. Edited by J, F. Moulton, 

3rd ed. 8vo. London, 1880. 

Brunt, David. The Combination of Observations. 8vo. Cambridge, 1917. 

Clausius, R. The Mechanical Theory of Heat. Translated by Walter R. 
Browne. 8vo. London, 1879. 

Cotterill, James H. Applied Mechanics: An Elementary General Introduction 
to the Theory of Structures and Machines. 4th ed. Revised and Enlarged. 
8vo. London, 1895, 

Einstein, Albert. Relativity: The Special and the General Theory. A Popular 
Exposition. AuthorisedTransiationby Robert W. Lawson. 8vo, London, 
1920. 

Keynes, John Ma3rnard. A Treatise on Probability. 8vo. London, 1921. 

Lewis, W. J, A Treatise on Crystallography. (Cambridge Natural Science 
Manuals: Geological Series.) 8vo. Cambridge, 1899. 

Lodge, Sir Oliver. Atoms and Rays: An Introduction to Modern Views on 
Atomic Structure and Radiation. 8vo. London, 1924, 

Lommel, Eugen. Studien iiber die BessePschen Functionen. 8vo, Leipzig, 
1868. 

MacMahon, P. A, An Introduction to Combinatory Analysis. 8vo. Cam¬ 
bridge, 1920. 

Miers, Henry A. Mineralogy: An Introduction to the Scientific Study of 
Minerals. 8vo. London, 1902. 

Ramanujan, Srinivasa. Collected Papers of Srinivasa Ramanujan. Edited by 
G. H. Hardy, P. V. Seshu Aiyar, and B. M. Wilson. 4to. Cambridge, 1927. 

Richards, Joseph W. Metallurgical Calculations. Parts I-III. One volume 
Edition. 3rd impression. 8vo. New York and London, 1918. 

Russell, Bertrand. The A B C of Atoms. 2nd impression (Revised). 8vo. 
London and New York, 1924. 

—- The A B C of Relativity. 8vo. London and New York, 1925. 

Soddy, Frederick. The Interpretation of Radium and the Structure of the 
Atom. 4th ed. Revised and Enlarged. 8vo. London, 1920. 


Acta: Unio Intemationalis Contra Cancrum. Vol. II, No. i-*-. 4to. Bruges, 
1937. (Presented.) 

Annales du Bureau des Longitudes, Tome XL 4to. Paris, 1938. (Exchange.) 
Anhuario della Pontificia Accademia deJle Scienze. I, i936*-37->. La. 8vo. 
Cittfc del Vaticano, 1937. (Exchange.) 

An&rppolc^cal Records. Vol. I, No. !-►. Published by the University of 
Caiiforma, 4to/ Berkeley, 1937. (Exchange,) 

Bdetin de Obras Sanitmias de la Nadon. Ano I, No. 2, Agosto de 1937-^. 
4to, Buenos Aires, 1937. (Presented.) 
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Bollettino del R. Laboratorio di Entomologia Agraria di Portici, Vol. 

La. 8vo. Portici, 1937-1938. {Exchange^ 

Bollettino della Unione Matematica Italiana. Anno XVII, No«. 1-3. 8vo» 
Bologna, 1938. (Presented.) 

British Association Report for 1937- 8vo. London, 1937. (Presented by Dr 
James Watt.) 

British Museum:— 

John Murray Expedition. Scientific Reports. 

Vol. Ill: Geological and Mineralogical Investigations. No. 1937. 
Vol. IV: Zoology. Nos. 3-8, 1936, 1937. 

4to. London, 1936, 1937. 
Great Barrier Reef Expedition. Scientific Reports. Vol. I, No. 12. 4to. 
London, 1937. 

Austin, E. E. Bombyliidae of Palestine, La. 8vo. London, 1937. 

Diptera of Patagonia and South Chile. Part VII, fasc. 3. 8vo. London, 

1937. 

(Presented.) 

Britton, C. E. A Meteorological Chronology to a.d. 1450. (Geophysical 
Memoirs, No. 70.) 4to. London, 1937. (Exchange.) 

Brockbank, Edward Mansfield. The Foundation of Provincial Medical Educa¬ 
tion in England and of the Manchester School in Particular. (Publications 
of the University of Manchester, No. CCXLVIII.) 8vo. Manchester, 1936. 
(Exchange.) 

Brook, Geoffrey Bernard. Experimental and Clinical Studies of the Spine of 
the Dog. 8vo. London, 1936. (Presented) 

Bulletin de rUniversit6 d^fitat It Moscou. S^rie intcmationale. Section A: 
Math^matiques et M^canique. Vol. I, fasc. !-►. 8vo. Moscow, 1937. 
(Exchange) 

Bulletin volcanologique. Sdrie II, Tome !-►. (Organe de ^Association de 
Volcanologie de TUnion g^od^sique et g^ophysique internationale.) 8vo. 
Napoli, 1937. (Presented) 

Carnegie Institution of Washington:— 

No. 460, The Colorado Delta. By Godfrey Sykes, 8vo. 1937. 

No. 465. Eocene Flora of Western America. By E. I. Sanborn and others. 
4to. 1937. 

No, 468. General Catalogue of 33342 Stars for the Epoch 1950. By 
Benjamin Boss. Vols. I-V. 4to. 1937. 

No. 475. Papers from Tortugas Laboratory. Vol. XXXI, 8vo. 1937, 
No. 476. Contributions to Palceontology. Miocene and Pliocene Floras of 
Western North America. By Ralph W. Chaney and others, 8vo* 1938. 

No, 477. Uaxactun, Guatemala. GroupE-, 1926-1931. Parti: Excava¬ 
tions. By Oliver G. Ricketson, jr. Part 2: Artifacts. By Edith B, 
Ricketson. 4to. 1937. 

No. 484, The Genus Yeungia. By E. B. Babcock and G. L. Stebbdns, jr. 
8vo. 1937. 

No. 485. Studies of Mammalian Ecology in Southwestern North America 
with Special Attention to the Colors of Desert Animals, By Lee R, 
Dice and Philip M. Blossom. 8vo. 1937. 
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No. 486, Principles and Methods of Tree-Ring Analysis. By Waldo S, 
Glock. 8vo. 1937. 

No. 489. Lipogenesis in the Animal Body with Special Reference to the 
Physiology of the Goose. By Francis G. Benemct and Robert C. Lee. 
8vo. 1937, 

No. 491. Fauna of the Caves of Yucatan. By A. S. Pearse and others. 
4to. 1938. 

No. 494, Nutritional Physiology of the Adult Ruminant. By Ernest G. 

Ritzman and Francis G. Benedict. 8vo. 1938. 

No. 496. Contributions to Embryology. Vol. XXVIL Nos. 160-169. 
4to. 1938. 

No. 503. Vital Energetics: a Study in Comparative Basal Metabolism. 
By Francis G. Benedict. 8vo. 1938. 

Special Publications :— 

No. 28. On Maya Research. 8vo. 1937. 

No. 31. Metabolism of Alcohol in the Animal Body. By Thorne M. 
Carpenter, 8 vo. 1937, 

No. 32. Electrical State of the Earth's Outer Atmosphere. By L. V. 
Berkner. 8vo. 1937. 

{Exchange.) 

Catalogue of Printed Books. Section—Periodical Publications. Parts 1-6 and 
Index. Published by the British Museum. Fol. London, 1899-1900. 
{Purchased.) 

Clark, W, E. Le Grosj Beattie, John; Riddoch, George; and Dott, Norman M, 
The Hypothalmus: Morphological, Functional, Clinical, and Surgical 
Aspects. (Henderson Trust Lectures. Nos. 13-16.) 4to. Edinburgh, 
1938. {Presented.) 

Collected Papers from the Faculty of Medicine, Osaka Imperial University, 
I936-^. 4to. Osaka, 1937. {Exchange.) 

Collected Papers. The Macaulay Institute for Soil Research. Vol. i->. Edited 
by W. G. Ogg. La. 8vo, Craigiebuckler, Aberdeen, 1938. {Exchange.) 

Current Science. Vol. VII, No. i-*-. 8vo. Bangalore City, 1938. {Exchange.) 

Current Titles: Engineering, Technology, Geology, Physics, and Chemistry, 
Vol. I, No. 8vo. New York, ^937. {Presented^ 

Darling, F, Fraser. A Herd of Red Deer: a Study in Animal Behaviour. Svo. 
Oxford and London, 1937. 

--Bird Flocks and the Breeding Cycle: a Contribution to the Study of Avian 

Society. Svo. Cambridge, 1938. 

{Presented.) 

Daniel, Gaston. Immuno-Chirurgie: La S^roth^rapie et la Vaccinoth^rapie 
en Chiturgie, 8vo. Paris, 1931. 

— Physioth^rapie en Gyn^cologie. Svo. Paris, 1931. 

— Indications de la Physiothirapie en Chirurgie et en Gyn6cdogic. Svo, 
Paris, 1935^ 

—— et Daniel, Albert. Arts et Techniques de la Santi, Tomes I et II. 4to. 
Paris, i 937 v 

(Presented-) 
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Early Science in Oxford. By R. T. Gunther. Vol. XIII: The Life and Work 
of Robert Hooke. (Part V.) Micrographia, 1665. 8vo. Oxford, 1938, 
{Purchased.) 


Geological Survey of Great Britain:— 

Economic Geology of the Central Coalfield (Scotland): Area 1 . Kilsyth and 
Kirkintilloch, By T. Robertson and D. Haldane, 8vo. Edinburgh, 
1937 * 

Memoir: Gosforth District, By F. M. Trotter and others. 8vo. London, 

1937^ 

Memoir: Wigan District. By R. C, B. Jones and others. 8vo. London, 


1938. 


{Exchange.) 

Heilman, Robert Bechtold. America in English Fiction, 1760-1800; the 
Influences of the American Revolution. (Louisiana State University 
Studies, No. 33.) 8vo. Baton Rouge, 1937. {Exchange.) 

Horn, Walther. 2000 Zeichnungen von Cicindelinse. (Entomologiscbe Beihefte 
aus Berlin-Dahlem. Band V, 1938.) 8vo. Berlin, 1938. 


-Catalogue Bibliographique et Synonymique des Cicindilides de Madagascar. 

(Extrait des M^moires de 1 *Academic Malgache. Fasc. XX, 1934.) 4to. 
Tananarive, 1934. 

{Presented.} 

Hume, W. F. Geology of Egypt. Vol. II, Part III. 4to, Cairo, i937» 
{Presented.) 

Huygens. CEuvres complJfetes de Christiaan Huygens. Vol. XIX. M6canique 
th^orique et physique de 1666 k 1695, Huygens k TAcad^mie royale des 
sciences. Publi6es par la Soci6te hollandaise des sciences. 4to. La Haye, 
1937- {Presented.) 

Institute of Radio Engineers:— 

Standards on Electronics, 1938. 8vo. New York, 1938. 

Standards on Electroacoustics, 1938. 8vo. New York, 1938. 

Standards on Radio Receivers, 1938. 8vo. New York, 1938. 

Standards on Transmitters and Antennas, 1938. 8vo. New York, 1938. 

{Exchange.) 

Journal of the Society for the Bibliography of Natural History. Vol. I, No. 

8vo, London, 1936. {Presented Mr William Williamson.) 

Journal of the Society for the Bibliography of Natural History. Vol, I, Part 6. 
(A facsimile of Lepidopterologische Zutrdge, 1820, of Jacob Hiibner. By 
Francis J. Griffen.) Pp. 159-192. 8vo. London, 1938. {Presented by 
Mr William Williamson. 

Lart et Instruction de Men dancer (Michel Toulouze, Paris). A Facsimile of 
the only recorded copy with a bibliographical note by Victor Scholderer. 
Printed for The Royal College of Physicians of London, 1936. 8vo. London, 
1936. {Presented.) 

Linneeus. The “Critica Botanica” of Linn®us. Translated by Sir Arthur 
Hort, Bart., and revised by Miss M. L. Green. (Ray Society Publi<:ation.) 
Bvo. London, 1938. {Purchased.) 

Matthews, Donald J. Tables for Calculating the Specific Volume of Seawater 
tmder Pressure. (Conseil permanent international pour P6xplo(ration 4 e la 
mer.) 8vo. Copenhagen, 1938. (Exchange.) 
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Memoirs of the Kyancutt^ Museum, South Australia. Nos. 1-4, 1934-37. 4to. 
{PresenUd^ 

Milovidoy, Pierre. La Constitution chimique et physico-chimique du noyau 
cellulaire. 8vo, Praha, 1936, {Presented,) 

Mottographias do Institute Oswaldo Cruz. No. x. (RevisSo da Familia Tricho- 
strongylidse Leiper, 1912. For Lauro-Travassos.) 4to. Rio de Janeiro, 
1937. (Presented,) 

Occasional Notes. No. i“>. Issued by the Royal Astronomical Society. 8vo. 
London, 1938. (Exchange^ 

Problems of Paleontology. Vols. !-►. Publications of the Laboratory of 
Paleontology, Moscow University. La. Bvo. Moscow, 1936. (Exchange,) 

Proceedings and Reports of the Belfast Natural History and Philosophical Society, 
and series, Vol. I, No. i935"-36^. 4to. Belfast, 1937. (Exchange,) 

Publications of the Faculty of Medicine of the Egyptian University. No. i—►. 
Bvo and 4to. Cairo, 1928. (Exchange,) 

Publicatiunile Institutului Matematica Roman. Bucharest. 

Annaies Roumaines de Mathematiques. Cahier i“->. 8vo. Paris and 
Bucharest, 1937. 

Revista UniyersUara Matematica. No. 2-*^. 8vo. Bucharest, 1937. 
Numerus. Vol. 2-r, 8vo. Bucharest, 1936. 

(Exchange,) 

Purser, J. W. R. Art and Truth. (Glasgow University Publications, XLVIL) 
8vo. Glasgow, 1937. (Exchange.) 

Read, John. Prelude to Chemistry. 8vo. London, 1936. (Purchased,) 

Records of the Faculty of Medicine of the Egyptian University, Congress 
Volume: Papers read by Members of the Staff at the Celebration of the 
Centenary of the School of Medicine and the Congress of Tropical Medicine 
and Hygiene, held in Cairo, December 1928. 410. Cairo, 1932. 

(Exchange,) 

Report of a Joint Committee of the Chemical Society, the Faraday Society, and 
the Physical Society on Symbols for Thermodynamical and Physico-Chemical 
Quantities and Conventions relating to their Use, 8vo. London, 1937. 
(Contained in Proceedings of the Physical Society, Vol. XLIX, 1937.) 

Report on the Work of the Sz^chenyi Scientific Society founded for the Promotion 
of Research in Natural Sciences in Hungary, 8vo. Budapest, 1937. 
(Presented,) 

Revue Math^matique de l^Unbn Intcrbalkanique. Tome I, fasc. i-*-. 4to. 
Ath^es, 1936. (Exchange.) 

Robinson, Heniy W,, and Adams, Walter. The Diary of Robert Hooke, 1672- 
1680. 8vo. London, 1935. (Purchased,) 

Scientiee Naturalis Bibiiographia. Ed.: W. Junk. Annus I: 1937, Pars. 

Xa. 8vo. Den Haag, 1937. (Purchased,) 

Stevs^ns, Ch. Le Relief de la Belgique. Texte et Planches. (M6moires de 
ITnstitut giologique de PUniversi^ de Louvain. Tome XII.) 4to. Lou¬ 
vain, 1938. {Preserved by ike Author,) 

Tables Annueiles Intematidnales de Constantes et Doim^s Num^riques. Volt 
XI. X93J--Z954, lire partie. 8vo. Paris, 1937. (JFufchased^ 
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Tait, J. G. Sir Walter Scott’s Journal and its Editor, La, 8vo. Edinburgh, 
1938. {Presented,) 

Technical Studies in the Field of the Fine Arts* Vol* VI, No, Published 
by the Fogg Art Museum, Harvard University, 4to. Lancaster, Pa,, 1937, 
{Exchange,) 

The Zoology of the Faroes. Svo* Copenhagen, 1938-^. {Purchased.) 

The Zoology of Iceland. 8vo. Copenhagen and Reykjavik, 1937— {Pur¬ 
chased,) 

Tydeman, G. F. Vier Opstellen. 8vo. ’s-Gravenhage, 1938. {Presented.) 

Vaughan, Thomas Wayland, and others. International Aspects of Oceano¬ 
graphy, Oceanographic Data and Provisions for Oceanographic Research, 
Published by the National Academy of Sciences, Washington. 4to. Wash¬ 
ington, 1937. {Presented^ [Contains a Catalogue of Institutions engaged 
in Oceanographic Work, pp. 71-225.] 

2 k)ologia: Boletins de Faculdade de Philosophia, Sciencias e Letras, Universidade 
de S&o Paulo. No. 8vo. SSo Paulo, 1937. {Exchange^ 
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Abel (J. J.), Obituary Notice of, 252. 

Accounts of the Society, 1937-38, 314. 

Adam (Ann B,). See Comric (L. C.) and Adam 
(Ann B.). 

Additions to Library, 361. 

Aitken (A. C.). Studies in Practical Mathe¬ 
matics, in. The Application of Quadratic 
Extrapolation to the Evaluation of Deriva¬ 
tives and to Inverse Interoolation, 161-175. 

Anderson (E, M.). The Dynamics of Sheet 
Intrusion, 242-^2^1. 

Anderson-Berry Priae, See Prizes. 

Asymptotic Expansions, Relations to Hyper- 
geometric Series of, by T. M, MacRobert, 
1-13. 

Auditor, Reappointment of, 300. 

Awards of Prizes, 306-313. 

Baird (J. L.). The Development of Television 
(Addrese). {Title anly,) 301. 

Barclay (R. S.) and Kermack (W. O.), The 
Decune of the Birth-Rate: Regularities 
Revealed by an Analysis of the Rates 
Observed in Certain European Countries, 

ss**?*. 

Bhaldia (H. J.). The Production of Electron 
Showers by Cosmic Rays {Address), (Title 
only.) 293. 

Birds, Lateral Asymmetry in, liy F. A. E. 
Crew and S. S. Munro, 114-13^!.. 

Birth-Rate, Decline of, Regularities Revealed 
^ an Analysis of the Rates Observed in 
efertain European Countries, by R. S. 
Barclay and W, O. Kermack, 55-72. 

Brackish-water, The Ecology of the Lochs 
of Harray and Stenness in Orkney, by 
E. A. T. Nicol, 181-191. 

Bradley (O. C.), Obituary Notice of, 254. 

Bright (Sir C.). Obituary Notice of, 258. 

Brown (R. S.). The Anatomy of the Polychsete 
Ophefia eluthensit McGuire 1935, 135-160. 

Bruce Prize. See Frizes. 

Bruce*PrelJer Lecture Fund. See Prizes. 

Burnet ffiir J. J.). Obituary Notice of, 259. 

Bums (Rev. T.), Obituary Notice of, a6i. 

Colder (Mary G.). On some Undescribed 
Species from the Lower Carboniferous Flora 
of Berwickshire; together with a Note on 
the Genus Stenomyelm Kidston. (Title 
idilyx published in ZVanr., vol. iix.) 2^ 

Cam^bw (Marie E.b An Investigatim of the 
Mucovales in the Soil. (Tiik enfyx pub¬ 
lished hi iWnr., vol. Bx.) 295. 


Campbell (W. W.). Obitua^ Notice of, 262. 

Carnegie Trust, Universities of Scotland, 
Thanks for Grants, 300. 

Carrick (R.). The Life-history and Develop¬ 
ment of Agrtolimax agtestis L., the Gray 
Field Slug. (Title only: published in 
Traets,^ vol. Ux.) 295. 

Charles (Enid). Differential Fertility in Scot¬ 
land, 1911-1931. Part 1 . (Title only*. 
published in Trans, t vol. lix.) 296. 

Chromosomes, Non-Homologous Association 
of, by H. D. Slack, 192-212. 

Chu (J. P.). Studies on Plumage in the Male 
Brown Leghorn Fowl. (Title ontyx pub¬ 
lished in Trans.^ vol. Ux.) 298. 

Clarke (W. E.). Obituary Notice of, 264. 

Comrie (L. C.) and Adam (Ann B.). The 
Female Reproductive System and Corpora 
lutea of the False Killer Whale, Psendorca 
crassidens Owen. (Title only\ published 
in Trans, y vol. Hx.) 298. 

Contributions, Voluntary, 320, 

Council, 1937-“38» 29*; *93^39, 30 L 3*** 

Cowell (Mary A. C,). Awarded Anderson- 
Berry Prize, 297, 300, 313. 

Crew (F. A. E.). The Sex Ratio of the 
Domestic Fowl and its Bearing upon the 
Sex-linked Lethal Theory of Differential 
Mortality, 73-79, 

Crew (F. A. E.) and Munro (S. S.). Oynandro- 
morphism and Lateral Asymmetry in Birds, 
114 -* 34 - 

Crichton-Browne (Sir J.). Obituary Notice of, 
266. 

DaWberg (G.). On Rare Defects in Human 
Populations with Particular Regard to In- 
breeding and Isolate Effects, 213-232. 

David Anderson-Berry Prize. See Frizes. 

Dchn (M.) and Hellinger (E.). On James 
Gregory's Vera Quadratura. (Title only x 
published in Gregory Memorial Volume.) 
296. 

Derivatives, Practical Evaluation of, by A. C. 
Aitken, i6i“i7S. 

Dey (A. J,)* Obituary Notice of, 268. 

Dinerential Mortality, The Sex Ratio of the 
Domestic Fowl and its Bearing upon the 
Sex-linked Lethal Theory of, by F. A. E. 
Crew, 73 - 79 - 

Dirac (P. A. M.). To deliver James Scott 


Lecture, 295, 300, 313. 

Dunstan (M. J. R.), Obituary Notice of, 
286. 
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Index. 


Dyne (M. Bradt^). Stt Moy-Thomas (J. A.) 
and Dyne (M. Bradley). 

Election of Fellows, 294, 299, 352. 

— -Honorary Fellows, 295, 297, 352. 

Ellipse, Green’s Function for, and its Applica¬ 
tion to the Motion of a Point Vortex, by 
D. Meksyn, 176-180, 

Enriques (F,). Piccole note su James Gregory 
e ii suo soggiorno in Italia. {Title only\ 
published in Gregory Memorial Volume,) 

296. 

Evolution, Quantitative.—IV. Deductions from 
the BAT Curve, by J. Small, 14-23. 

-V. The Free and Apparent Dp-agcs of 

Compositae, by J. Small, 24-31. 

-VI, Further Deductions from the BAT 

Curve, by J. Small, 32-54. 

Ewart (D, S,). Artist of President’s Portrait, 

297. 300. 

Fellows, Deceased and resigned, 352, 

-Elected, 294, 299, 352. 

-Honorary, 295, 297, 35 ^>“ 35 ^ 35^. 

- --List of, 322-351. 

-List of Honorary, 350^'351. 

-Obituary Notices, 2S2~2§6, 

-Removed from Roll, 352. 

Fertility Rates of Certain European Countries, 
Regularities Revealed by an Analysis of, 
by R. S. Barclay and W. 0 . Kermack, 
5S-'72- 

Galpin (N,). Factors affecting the Hatching 
Weight of Brown Leghorn Chickens, 98-113. 

— -Factors affecting Post-natal Growth of 

Brown Leghorn Chickens. {Title only.) 

298. 

Galt (A.). Obituary Notice of, 269. 

Gill-covers, Effect of Deformities upon Gills 
and Skull in Salmon, by V. Tchernavin, 
233-241. 

Glen (A. R,). Awarded Bruce Memorial 
Pri^e, 297, 300, 313. 

Gordon (W. T.), On TetrasHthia hupatides^ 
a Carboniferous Pteridosperm from East 
Lothian. {Title onlyi published in Trans,^ 
vol. lix.) 295. 

Graham (A.), The Structure and Function of 
the Alimentary Canal of Aeolid Molluscs, 
with a Discussion on their Neinatoc3r8ts. 
{Title onlyi published in Trans,^ Vol. lix.) 

294. 

Grants towards Publication, 300, 

Green’s Function for an Ellipse, and its 
Application to the Motion of a Point Vortex, 
by D. Meksyn, 176-180. 

Grego^ (James) Tercentenary, Meeting in 
conjunction with the St Andrews Mathe¬ 
matical CoUoQuium, 296, 299. 

Gregory Memorial Volume, 296, 299,300. 
Gunning Victoria Jubilee Wze. See rriaes. 
Gynandromorphism and Lateral Asymmetry 
in Birds, by F. A. E. Crew and S. 6. Munxo, 
U4-134. 


Hale (G. E.). Obituary Notice of, 270. 

Hainiiton (W. J.). Awarded Keill Priae, 295, 
297» 300, 312. 

Hatching Weight to Egg Weight of Brown 
Leghorn Chickens, Seasonal Wriation in the 
Relationship of, by N. Galpin, 98-1x3. 

Hellinger (£.). See Dehn (M.) and Hdlinger 
(E.). 

Honorary Fellows, Deceased, 352, 

-Elected, 295, 297, 352. 

-List of, 350 “ 3 S^* 

Hypergcometric Functions, Relations to certain 
Asymptotic Expansions of, by T. M. 
MacRobert, 1-13. 

In-breeding and Isolate Effects in Human 
Populations, by G. Dahlberg, 21^232, 

Interpolation, Inverse, by A. C, Aitken, 

161-175- 

Intrusion, Dynamics of, by E. M. Anderson, 
242-251. 

Isolate Effects, In-breeding and, in Human 
Populations, by G. Dahlberg, 213-232. 

Johnston (Sir W. C.). Obituary Notice of, 274. 

Keith Priae. See Prises. 

Kennedy (W, P.). Seasonal Trends of Birth 
in Scotland. {Title only.) 298. 

Kermack (W. O.). See Barclay fR. S.) and 
Kermack (W. O.). 

I/Eteral Asymmetry in Birds, by F. A. E. 
Crew and S. S. Munro, 114-134. 

Laws, 355 r- 3 ^- 

X-evee at Palace of Holyroodhouse, 299. 

Library, Additions, 361. 

Mackensie (Sir W. C.). Obituary Notice of, 

MacRobert (T. M.). Induction Proofs of the 
Relations between certain Asymptotic Ex¬ 
pansions and Corresponding Generalised 
Hypergcometric Series, 1-13, 

Makdougall-Brisbane Pri*e. See Prizes. 

Manby (J.). See Wildman (A. B.) and 
Manby (J.). 

Masson (Sir D. 0 ,), Obituary Notice of, 277 - 

Maxwell (James Clerk). Inscription at 14 
India Street, 300. 

Meetings, Proceedings of Ordinary, 293-298. 

--Proceedings of Statutory, 1937, 289; 

1938, 299. 

Meksyn (D.). Greenes Function for on Ellipse* 
and its Application to the Motion of a Point 
Vortex, 176-180. 

Merton (H,). Studies on Reproduction in the 
Albino Mouse.—I. The Period of Gestation 
and the Time of Parturition, 80*97. 

Mouse, Parturition, Self-recording Balance in* 
by H, Merton* 8^7* 

Moy-Thomos (J. A.J and Dyne (M. Bradley). 
The Ac^nopterygion fishes from the Eower 
Carboniferous of Glimoarihokn, Rskdole* 
Dunri‘riesalure. (Tirle mfyi pubUshed in- 
Trans,^ VoL Ux.) 296, 
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Munro (S. S.). S^e Crew (F. A. E.) and 
Munro (S« $>). 


Neill Priae. Priaes. 

Neill {R. M.). The Food and Feedii^ of 
the Brown Trout {Salmo truita Linn^) 
in relation to the Organic Environment, 
(Tide only\ published in Trans,^ vol. Ux.) 
296. 

Nicol (E. A. T,). The Brackish-water Lochs 
of Orkney, 181-191. 


Obituary Noticest—John Jacob Al)el, 0. Char- 
nock Bradley, Sir Charles Bright, Sir John 
James Burnet, The Rev. Thomas Burns, 
William Wallace Campbell, William Eagle 
Clarke, Sir James Crichton-Browne, Alex¬ 
ander John I)ey, Malcolm James Rowley 
Dunatan, Alexander Galt, George Elleiy 
Hale, Sir William Campbell Johnston, Sir 
Colin Mackenzie, Sir David Ormc Masson, 
William Carstairs Reid, Hon. Alexander 
William Roberts, David Alan Stevenson, 
Robert Black Thomson, John Edward 
Touche, Sir David Perdval Dalbreck Wilkie, 
252-286. 

Ophelia duthensis [PolychaetaJ, The Anatomy 
of, by R. S. Brown, 135-160. 

Orkney, The Ecology of the Brackish-water 
Lochs, by E. A, T. Nicol, 181 191. 


Papers read, 293-298. 

Parturition in Mouse, Balance for recording, 
by H. Merton, 80-97. 

Planck (Max), Dinner in his honour, 300. 

Point Vortex, Greenes Function for an Ellipse, 
and its Application to the Motion of a, by 
D. Meksyn, 176-180. 

Polycheeta, Ophelia duthensis^ The Anatomy 
of, by R, S. Brown, 135-160. 

Populations, Human, Rare l>efects in, with 
Particular Regard to In-breeding and Isolate 
Effects, by G. Dahlberg, 213-23^. 

Portrait of Sir D’Arcy Wentworth Thompson, 
President of the Society, 297, 300. 

Pri^ (A.). On James Gregory’s Geometric 
Pars Universalis. {TUk only\ published 
in Gregory Memorial Volume.) 296, 

Presiddit’s Portrait, 297, 300. 

Prizes, etc., Bruce, 297, 300, 304, 313. 

—— Bruce-PreUer Lecture Fund, 304, 313. 

--David Auderson-Berry Fund, 297,300, 

--Gunning Victoria Jubilee, 303, 312. 

Keith, 294,300, 302, 306, 
Makdougau-Brixbane, 302, 308^ 

-—— Neill, 295, 297. 3W, 303/ 310* 

•—— Scott, 295/ 300, 303, 313. 

Rules and Awards, 302-3^3. 

, . -i -" Set sdso in Accounts* 

Proceedings, Ordinary Meetings, 293-298. 

Statutoiy Meetings, 1937, 289; 1938, 
mr ", 


Quantitative Evolution*—IV* Deductions from 
the BAT Curve, by J* Small, 14-23. 

-V. The Free and Apparent Dp^ages of 

Com}>ositse, by J. Small, 24-31, 

-VI. Further Deductions from the BAT 

Curve, by J. Small, 32-54, 


Radforth (N. W.). An Analysis and Compari¬ 
son of the Structural Features of Dactyl- 
oikeca plumosa Artis and Senftenbergia 
ophiodermatica Gdpp. {Title only, pub¬ 
lished in Trans.y vol. lix.) 295. 

Reid (W. C.). Obituary Notice of, 278, 

Replica, President’s Portrait, 300. 

Reports, General Secretary’s, 299; Treasurer’s, 
300. 

Representatives, R.S.E., Committees, Con¬ 
gresses, etc., 299, 3C>o. 

Roberts (Hon. A. W.). Obituary Notice of, 

279* 

Royal Society, Government Publication Grant, 
300. 

Ruse (H. S*). Awarded Keith Prize, 294, 
297. 300, 308. 


Salmon, Malformation of Gill-covers: Condi¬ 
tions of Sea-life, by V, Tchernavin, 233-241. 

Scott Prize. See Prizes. 

Seasonal Variation in Hatching Wcijght of 
Brown Leghorn Chickens, by N. Galpin, 
98-113. 

Sex Ratio of the Domestic Fowl, by F. A* E. 
Crew, 73-79- 

Sheet Intrusion, Dynamics of, by E. M. 
Anderson, 242-251. 

Slack (H. D.}. The Association of Non- 
Homologous Chromosomes in Corixidas 
(Hemiptera^Heteroptera), 192-212. 

Small Q,), Quantitative Evolution.—IV. De¬ 
ductions from the BAT Curve, 14-23. 

-Quantitative Evolution.—V, The Free 

and Apparent Dp-ages of Compositce, 24-31. 

-Quantitative Evolution.—^VI. Further 

Deductions from the BAT Curve, 32-54. 

Statutory Meetings, 1937, 289; 1938, 299. 

Sfevenson (D. A,). Obituary Notice of, 280. 


Tchernavin (V.). Two Cases of Malformation 
of the Gill-covers in Salmon, 233-241. 

Tercentenary. See Gregory (James). 

Thompson (Sir D’Arcy Wentworth), President, 
Portrait of, 297, 300. 

Thomson (R. B.). Obituary Notice of, 286* 

Thyroid Weight of the Hen, Seasonal Variation 
in the, ^8-113, 

Touche (J. E.). Obituary Notice of, 283, 

Transactionst P.S.JS., Index of Papers, 
1937-38, 374- 

TurnbuU (H, W*). James Gregory and hU 
Unpublished Discoveries. (Title only\ pub¬ 
lished in Gregory Memorial Volume.) 296* 

Tyrrell (G. W.)* Geology in the U.S.S.R. 
{Address). {Title only.) 294. 
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Indtx. 


Vaney (C.). Note $ur les Crinoldea de la 
Scotia.” (TitU only : published in Trans.^ 
vol. lix.) 2p8. 

Voluntary Contributors, 320. 

Watson (D. M. S.). On Rkampkodopsis^ a 
Ptyctodont from the Middle Old Red Satui- 
stone of Scotland. {Tiih only: published 
in Transit vol. Ux.) 298. 


Wildman (A. B.) and Manby 0,). The Hairs 
of the Monotremata, with specki reference 
to their Ctxlicular Scale-patterp. (TitU 
only*, published in Tram.^ vol. lix.) 294. 

Wilkie (Sir D. P. D.). Obituary Nodoe of, 
2S4. 

Williamson (W,). Books presented to the 
Library, 300, 


Index of Papers published in the “Transactions'* 
during Session 1937-38. 


Adam (Ann B.). Soe Comric (L, C.) and 
Adam (Ann B.). 

Calder (Mary G.). On Some Undcscribed 
Species from the Lower Carboniferous Flora 
of Berwickshire: together with a Note on 
the Genus Stenomyelon Kidston, vol. lix, 
no. lo, p. 309. 

Campbell (Marie E.). An Investigation of the 
Mucoroles in the Soil; vol. lix, no. i6, 
,p. 4n. 

Charles (Enid). IHfferential Fertility in Scot¬ 
land, 1911-1931, Part I, vol. lix, no. 13, 
P- 37^- 

Comrie (L. C.) and Adam (Ann B.). The 
Female Reproductive System and Corpora 
Jutea of the False Killer Whale, Pseudorca 
crassid«ns Owen, vol. lix, no. 19, p. 521. 

Dyne (M. Bradleyb Moy-Thomas 0. A.) 
and Dyne (M. Bradley). 

Gordon (W. T.). On TeirasHchia bupatides: 
A Carboniferous Pteridosperm from East 
Lothian, vol. lix, no. 12, p. 351. 

Graham (A.). The Structure and Function 
of the Alimentary Canal of Aeolid Molluscs, 


with a Discussion on their Nematocysts, 
vol Ux, no, 9, p. 267. 

Manby 0.). Wildman (A. B.) and 
Manby (J.). 

Mojr-Thomas (J. A.) and Dyne (M, Bradley). 
The Actinopterygian Fishes from the Lower 
Carboniferous of Glcncarfholm, Eskdale, 
Dumfriesshire, vol. Hx, no. 17, p, 437. 

Neill (R. M.). The Food and Feeding of the 
Brown Trout {Salmo truita L.) in relation 
to the Organic Environment, vol. lix, 
no. 18, p. 481, 

Radforth (N. W.). An Analysis and Compari¬ 
son of the Structural Features of Daciyh 
otheca plumosa Artis sp. and Senflenhrgia 
ophiodsrmatica Gbppert sp., vol. Ux, no. 14, 

p. 385- 

Watson (D. M. S.). On PhampkodopsiSt a 
Ptyctodont from the Middle Old Reel Sand¬ 
stone of Scotland, vol. Ux, no, 15, p. 397. 

Wildman (A. B.) and Manby (J.). The 
Hairs of the Monotremata, with special 
reference to their Cuticular Scale-pattern, 
vol. lix, no. n, p. 333. 
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